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Part 1, Summary Report, presents in concise form the results of a six-
month study carried out by the Navy Technological Forecasting Study Group.
The preparation of a Navy Technological Forecast is recommended, the nature
andutility of such an effort are described, and a procedure for its accomplish-
ment is briefly presented.

Part 2, Back-Up Report, here presents much detailed supporting material,
sample forecasts, methodologies, and possible categories. It is expected that
the details covered will greatly aid those responsible for generating Navy
Technological Forecasts.

The following pages-taken from enclosed sample forecast material-are
omitted from this printing in order to provide an unclassified version of this
document: Pages 3-18, 3-22, 3-23, 4-15 through 4-19, 5-5. 5-6, 5-7, 6-4
through 6-7, 7-2, 7-3, and 7-4.
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CHAPTER 1

INTRODUCTION

A technological forecast describes scientific knowledge, technical capabilities, and exam-
ples of systems, subsystems, and components which science and technology can be en~pected to
produce over a specified time if supported by orderly programs of research and dev.bpment.
A meaningful forecast of science and technology as far as twenty years into the future will help
better to estimate enemy technical capabilities in that time frame and to project in ,11ore ex-
plicit terms the enemy threat which the Navy and Marine Corps may encounter. In addition, a
good forecast will help make possible the prediction of improved and radically new operational
capabilities in support of offensive and defensive naval missions, as well as assist in the co-
ordination, on a Navy-wide basis, of the current and future efforts in research, exploratory
development, and advanced development. A quality forecast is a prerequisite to successful
short- and long-range planning.

Although forecasting is necessarily a part of the Navy's everyday operations, it is cur-
rently done in a fragmentary manner. Technological forecasting as a science is very new, and
no formal approach to forecasting methodology has been developed.

Section 1. BACKGROUND

Following several informal meetings of representatives of the Chief of Naval Operations
(CNO), the Chief of Naval Development (CND), the Chief of Naval Research (CNR), and the Navy
technical bureaus, a formal Technological Forecasting Steering Committee was established by
CND with representatives from the Office of Naval Research (ONR), the Bureau of Ships (BIt-
SHIPS), and the Bureau of Naval WItpons (BUWEPS), who, at a meeting on 11 February 1965,
recommended that a study be made ?o determine the feasibility and utility of a Navy Techno-
logical Forecast (NTF).

In its -eport,* the ad hoe study group, drawn from the technical bureaus and from five
Navy laboratories in the Washing'ton area, concluded that the Navy would realize definite bene-
fits at all marý6gement levels from application of technological forecasts to research planning,
systems development, and operational decision-making.

The study disclosed the existence of forecasting by other government agencies and indus-
try. Of prime interest to the Navy was the Air Force's "Project Forecast" conducted in 1963,
and the Army's continuing "Long Range Technological Forecast" initiated in 1962. Both of
these forecasting efforts are used extensively as guides in the respective Air Force and Army
long-raige planning programs. Similarly, several industrial concerus use forecasting in their
R&D planning.

A technological forecast is defined as "the prediction, with a level of confidence, of a tech-
nical achievement, in a given time frame with a specified level of support." A technological
forecas I7 a to-ol for planning and decision-making; it is not a plan. Each achievement pre-
dicted will provide one segment of the integrated information required for directing technology
toward operational needs, for defining operational capabilities which would follow on scientific
advances, for the early selection and support of promising areas in science and technology, for
assessing the probable progress and success of a program, and for the optimum utilization of
resources. A technological forecast will make more effective the Navy technical community's
capability to project technological advances in the development of new capabilities for the op-
erating forces. The forecast, by indicating technical capabilities, could influencee changes

*Study by Ad Hoc Group on Navy Technological Forecasting," 15 June 1965.
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in strategies and tactics, could promote development of innovative operational techniques, and
could aid in satisfying stated operational requirements.

The recommendations of this study were accepted by the Chiefs of Naval Development and
Naval Research, and by the Assistant Secretary of the Navy for Research and Development
(ASN(R&D)J, who requested that planning for the implementation of the forecasthig program be
Initiated.

Section 2. OBJECTIVE

A group consisting of one membf - from each of five in-L.use Navy laboratories, operating
within the mission of the Advaaced Concepts Branch of the Exploratory Development Division,
Headquartei's, Naval Material Command (formerly Oilice of Naval Material), was formed with
a mission to formulate a plan for a Navy technological forecast. The Navy Technological Fore-
casting Study Group was convened on I November 1965 for a period of six months.

The major objectives of this Group were:

a. To study in greater detail the methods and techniques of forecasting employed by the
Army, Air Force, and Marine Corps, as well as those of other government agencies and indus-
trial companies, with reference to their application to the proposed Navy Technological Fore-
cast,

b. To develop a method to implement the Navy Technological Forecast to encompass the
work now oeing conducted and projected for execution under the Navy's RDT&E programs,

c. To identify the scientific and technical input requirements of management personnel
which would be required for a meaningful forecast,

d. To design the overall structure of the forecast, the format of individual forecasts, and
methods of generation, review, and publication of forecasts,

e. To explore the several av.ilable forecasting methodologies in terms of their use in
preparing Navy Technoligl-al Forecasts,

f. To consider the implications of interservice forecasting.



CHAPTER 2

APPLICATION AND UTILITY OF TECHNOLOGICAL FORECASTING

Section 1. THE PROPOSED NAVY TECHNOLOGICAL FORECAST

In the course of its study the Navy Technological Forecastingý Study Group surveyed tle
methods aad techniques of forecasting employed by the Army, Air Force, Marine Corps, other
government agencies, and Industrial corporations. The forecasting efforts of the Army, Air
Force, and Marine Corps are described in Sections 4, 5, and 6, respectively, of this chapter.

On the basis of this study it is proposed that the Navy Technological Forecasting Program

should employ two complementary approaches:

a. basic Forecast

Part I - Scientific Opportunities
Part II - Technological Capabilities
Part IlI - Probable Systems Options

b. Technology Needs Identification Studies (TENIS).

Part I (Scientific Opportunities) should include all research in the physical, engineering,
environmental, and life sciences, conducted under RDT&E category 6.1. The opportunities and
limitations in both nonmaterial and material-oriented research which are relevant to future
technical capabilities of the Navy and to scientific advance should be discussed. This section
of the forecast is described in detail in Chapter 4.

Part 11 (Technological Capabilities) should include that part of applied research and devel-
opment which is normally referred to as exploratory development (category 6.2). It should
cover a broad spectrum of research and development ranging from the basic technologies to
functional subsystems which are fozeseen to be achievable in areas vital to the attainment of
naval technological goals. This section of the forecast is described in detail in Chapter 5.

Part III (Probable Systems Options) would include examples of systems which might be
provided if the capabilities described in Part I1 were achieved. The examples should be brief
descriptions of such system concepts. Each description should be supported by a technical
repoi t which describes the proposed system concept in terms of parametric characteristics
which are derived from an analysis of the several subsystem and components involved in the
concept. This section of the forecast is described in detail in Chapter 6.

The second propoosed approach to the forecast is a series of Technology Needs Identifica-
tion Studies which are similar in general outline to the Technical Workshops, but with the
prime purpose being the identification of critical technology areas. While this TENTS approach
is essentially a planning procedure designed to fulfill specific needs, it provides a valuable in-
sight into supporting RDT&E capabilities and deficiencies. In each study, mission needs which
are identified by cognizant authority and translated into associated functional capabilities and
corresponding technical requirements are forecast in detail. These forecasts-in-depth are
based on a projection of the expected technological developments and applications during the
forecast period and are conducted prior to the Workshop. The Workshops would also utilize
the principal technological forecast information that applies to that specific area. System
design parameters are defined and an analysis is made of the supporting research and devel-
opment uf.ort required to achieve the operational objectives. This approach to the forecast is
described in detail in Chapter 7.
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Methods of implementing the proposed Navy Technological Forecast are discussed in
Chapter 8.

Section 2. APPLICATION TO THE NAVY RDT&E PROGRAM

RDT&E planning within the Department of the Navy is characteristically conducted as a
dialogue between the "User Interest," represented by the Chief of Naval Operations and the
Commandant of the .Manlae Corps as spoklesmen for the Operating Forces, and the "Producer
Interest," represented by the Chief of Naval Material in speaking for the entire Naval Material
Command (NMC). Final plans are the result of "negotiation" between the two interests. The
planning process is one continuing iterative interchange. Through this process trade-offs
shold be made which will result in the maximum military capability for the Operating Forces
that are possible within the limits of the resources available to the Naval Establishment.

If the Navy is to meet its operational needs in the future, early decisions are vital; it takes
an average of eight years to get today's technical developments into the fleet. One element on
which the necessary dialogue can be structured is a technological forecast, in which the Navy's
technical community identifies future opportunities arising from advances in science as well as
capabilities which future technological developments will provide.

A meaningful forecast will assist in the projection of military policy and force structures
to meet anticipated enemy threats. It would find extensive use in:

a. Projecting U.S. technological capabilities during the forecast period. It would identify
advanced technologies which would permit development of systems to enhance the operational
capability and effectiveness of the Navy.

b. Psoviding the necessary input into a technology/capability matrix to define Exploratory
Development Goals and systems configurations to meet or exceed the projected enemy threat.
Scientific and technological areas which, intuitively, appear to have high pay-off not directly
responsive to the projected threat would be identified.

c, Making better postulations of the enemy threat during the forecast period by identifying
U-S. technological capabilities which may be assumed to be within an enemy's potential. Com-
plete interpretation, understanding, and dissemination of the threat are considered to be outside
the scope of the forecast.

d. Serving senior management by presenting strengths and capabilities of Navy's scientific
and technical efforts.

By formalihi-g the inputs from the technical community to the definition of long-range

military capabilities, the forecast could be used in preparing the following planning documents:

a. Navy Long Range Strategic Study (NLRSS),

b. Navy Mid-Range Study (NMS),

c. Navy Mid-Range Objectives (NMRO),

"d. General Operational Requirements (GOR),

P. Exploratory Development Goals (EDG),

f. Tentative Specific Operational Requirements (TSOR),

g. Advanced Development Objectives (ADO),

h. Specific Operational Requirements (SOR).
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A formal forecast would provide iipijuts to feas•bility studies at all levels in the Navy's
intelligence operational and technical comnmunities. The forecast would make available to
the laboratories and technical offices projections of the state-of-the-art in supporting areas
outside their immediate scientific or technical expertise. It would identify technological
areas which have high potential in sensitive development areas. A moderate improvement
in some tecinical areas, for example, can have a high impact on operational effectiveness,
whereas a large technical gain in other areas may not improve an operational capability.
It would also identify the extent ot interdependence of the various technical disciplines and
areas in which component developments are compatible or augment one another. When more
than one function contributes to an end-item development, a reasonable forecast can he em-
ployed to determin•- the relative hurd0n on the projrcted state-of-the-art in each contributing
area. Hence, the projected forecast would in valuable in preparing, Propo:;cd Technical
Approaches (PTA) and Technical Development Plans (TOP).

The generation of the proposed Navy Tecimoiogicai Ft,,ccast .NTF) wiuld be the respon-
sibility, primarily, of the various in-house laboratories. It is anticipated that in its preparation
attention would be directed, not to linear extrapolation of curreat programs, but to all military
areas of scientific and technical expertise.

The NTF, being generated by laboratory personnel, wuuld strengthen the laboratories'
planning functions by encouraging longer-range projections of scientific and technical capabili-
ties and would provide greater communication with higher-echelon planners. Fluctuations in
program planning and funding can be reduced by having better predictions which would improve
operational capabilities based on anticipated advances in technology.

The NTF would stimulate an increased dialogue among the members of the Navy's techni-
cal community. The cross-fertilization by workers in the various areas of science and tech-
nology will tend to improve each participant's technical competence.

The NTF would also provide a means of recording new technological concepts which may
not have immediate end-use but would have potential at a later date.

Each of Chapters 4, 5, 6, and 7 herein is addressed to the particular group that develops
th4,t section of the NTF. As a result there is some redundancy in the text of these sections.

Section 3. UTILITY OF THE PROPOSED NAVY FORECAST

Specific comments on the utility of the proposed NTF were made by representatives of the
Chief of Naval Operations, the Marine Corps, the Naval Material Command, the Ship Systems
Command (formerly BUSHIPS), and Ordnance Systcms Command (formerly Part of BUWEPS).
These are sumr-arized as follows:

a. SOURCE- CNO (OP-093) RADM G. H. Miller, Director, Long Range Objectives Group,
letter dated 1 March 1966

"The proposed forecast will identify the current and expected levels of capability for
each area of technology. It will also identijy alternate combinations of technologies applicable
to future naval systems, as well as levels of future capability that can be expected to derive
from these technological expectations. As a technical appraisal of the present and projected
'state-of-the-art,' the proposed forecast should provide a much better understanding of the
feasibility of particular objectives and of the time frame in which they may be realized. Not
only will this information be pertinent to the Navy Long [Linge Strategic Studv (NLRSS), it will
also serve in the development of Navy Mid- tange Objectives (MRO) which include quantitative
statements of force levels in a period 10 to 15 years in the future. The availability of possible
system concepts will permit refined statemcnts of task requirements and force level objectives
which arer not now achievable. The forecast may make it possible for the MRO to be more
specific in the establishment of objectives in tevrn• of systems. Of singular importance would
be the availability in a single source o1 d tita now often difficult to obtain or whose adequacy
may be questioned.
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b. SOURCE: -RJGEN E. E. Anderson, Deputy Chief of Staff, RD&S, Marine Corps letter
dated 2 March 1966

"A Navy Department technological forecast embracing the scientific and technical areas
of L-tzrest of both the Navy and the Marine Corps would provide the Marine Corps with another
source of direction and guidance for its research and develupment program." It would assist
the Marine Corps to identify desirable weapons, transportation, logistics, and other systems
which could be developed in the immediate and near future and t',ose which require additional
basic research and/or exploratory development efforts. In short, such a forec.st could provide
a state-of-the-art timetable for the realization oi the Marine Corps' Long Range Plan and Mid-
Range Objectives.

"The state-of-the-art timetable should provide a basis which would assist the Marine

Corps to develop new concepts involving tactics and techniques, and the organizatirnal changes
needed to implement them, to conduct future amphibious operations or to improve and refi;ie
current landing force concepts.

"Specifically, the forecast should permit the Marine Corps to identify more clearly and
then pursue, in a meaningful manner, those programs which will either replace current weap-
ons and equipment, or fill in the gaps which now obtain, in transport and combat aircraft assault
and support amphibians, marginal terrain vehicles, command and control, air defense, target
acquisitions, navigation and position location, power soiarces, logistics and materials handling.

"The forecast would enable the Marine Corps to procure more meaningful requirements
statements (EDR, ADO, GOR, and SOR).

"In evaluating contractor proposals for exploratory and advanced development work,

responsible agencies and their evaluation teams could use the forecast as a source of valuable
tiormation and guidance."

c. SOURCE; NAVMAT (MAT 311) CDR H. W. Merritt, Head, Requirements and Analysis
Branch

Exploratory Development Goals (EDGs) are prepared to quantitatively express levels of
performance for operational activities for the period 15 to 20 years hence. As goals, the EDGs
are intended to influence technical development such that sound trade-off decisions can be made
and a sound base can be provided for the development of hardware and weapons systems neces-
sary to meet user objectives of this time period.

"In preparing EDGs, technological forecasts will be utilizel in the following ways:

"1. In performing a parametric analysis of the various operational situations, levels of
performance are established for one set of parameters from which values fur the parameters
under question are derived Projections of technology are required to establish the initial set
of performance levels. Such forecasts are also necessary to adjudge the attainability of the
derived performance levels. By using technological forecasts in this manner, it can be deter-
mined that the goals are either technically achievable, or thpt the users' operational capability
objectives require a technological breakthrough

"2. The postulation of a plausible threat as guidance for research and development is
an OPNAV responsibility. Such a postulation requires a projection of expected technical ad-
vances, an assessment of emphasis in any given technical area, and a judgment of relative
progress in technologies between ourselves and an enemy. The thoroughness with which a
=hreat projection is prepared by CNO determines the extent to which the Requirements Anal-
ysis Branch (MAT 311), Naval Material Command, must compensate by incorporating tech-
nological forecasts in a postulated threat.

"3. During preparation of the EDGs, trade-offs between operational capabilities can be
identified. The practicality of making such a trade-off, the relative technical difficulty and the
relative burden to be put on the factors being traded are all considerations requiring the use of
a technological forecast.
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d. SOURCE: NAVSHIP (formtr-ly bUSHIPS) Mr. A- Schmidt, Program Manager, Advanced
Ship Concepts

"The Advanced Ship Development Program must consider all logical competitive candi-
dates when determining the most cost eflective system to perform a specific mission. Since
many studies may be underway at any one time, involving analyses of ship systems, systems of
ships and on-ship systems, cvmputerizaLiun vf the elemental data is essential. By providing
reliable values for technological parameters and capabilities and environmental factors the
proposed forecast would be invaluable ii, providing reliable values for technological parame-
ters and capabilities and for the associattd en% irunmental factors."

e. SOURCE: NAVORD (formerly part of BUWEPS) Mr. S. Marcus, Executive Director,
Research and Technology

"BUWEPS has a dire need for technological forecasting. There can he no question of
the utility of a forecast that can provide valid predictions that are of a high confidence level.
A prime example of this need is reflected in the current exercise conducted by the Aircraft
Office in developing luture aircraft concepts. In order to develop these concepts, in essence
they had to develop the technoiogical capabilities that may be available in sub-system's areas.
A credible Naval Technological Forecast could have formed the basis for this investigation so
that the primary effort would not have been diluted (and perhaps duplicated).

"There are not many guides available for the planning of exploratory development pro-
grams. Presently existing are the GORs, which provide a guide by inference, the Goals for
Exploratory Development which provide a more explicit end point. There is no doubt that an
additional tool such as a Technological Forecast can provide the technical guide to develop a
balanced exploratory development program."

Section 4. ARMY LONG RANGE TECHNOLOGICAL FORECAST

The Army Long Range Technological Forecast (LRTF) is prepared under staff supervision
of the Chief of Research and Development and is intended to describe knowledge, capabilities
and examples of materiel which science and technology can be expected to produce if supported
by orderly programs of research and development. The document is used by operational and
urganizational planners, the comnbat d-velopments system, and long range research and devel-
opmnent pianners in the Department of the Army in focn'uLting new concepts, requirements,
and plan.,.

The Army Long Range Technological Fore ast is currently published in three volumes, as
follows:

a. Volume One, "Scientific Opportunities," discusses the opportunities and limitations in
both nonmatoriel- and materiel-oriented research which will alfect future technical capabilities
of the Army. Where research effort to increase knowledge in specific areas is needed but not
now in prospect, the area and the requirements atre described.

b. Volume Tuo, "Technological Capabilitlvs," describes the technical capabilities which
are foreseen as achievable in areas vital t.) tht- provision of future high-performAnce materiel.

c. Volume Three, "Advanced System Concepts," includes cxamples of materiel systems
which might be proi ided if the capatilities described in Volume Two are achieved.

I.RTF is published by the Chief of Research and Development (CRD), Department of the
Army. The Cormmanding General, U.S. Army Materiel Command, formally compiles and con-
solidats Army-wide critique5 and contributions to this forecast with the close c.operation of
the Army Research Office, on behalf of CRD. The relationship of the Army Long Range Tech-
nological Forecast to Army planning documents is shown in Fig. 2. 1. The forecast is one input
to the "Basic Army Stratev.ic Estimate.- It is used by the Combat IDevelopment Command for
the preparation of the Combat Iuvelopmnent Objectives Guide (CDOG).
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Figure 2.1. Role of Forecast xn Army Pl.,n~luu Dvciiints

In addition to the LRTF just discussed, the Army also conducts a series of Forecasts-in-
Depth (FIED}. This series is designed to supplement the Army Long Range Technological Fore-
cast. The Forecast-in-Depth is intended to provide an insight into specific technological fields
for use by persons in and outside of the Department of the Army who have need for such back-
ground Information. A Fcrecast-in-Depth is primarily an encyclopedic summary of the current
knowledge, a projection of the expected technological environment during the next 20 years, and
an analysis of the research effort required to attain the most promising materiel aspects. Its
purpose is to allow the scientifically, technically, and operationally oriented individuals to com-
municate relevant ideas and learn of potentialities in a given field.

Forecasts-in-Depth, while generally comprehensive, are not exhaustive. Hence, the treat-
ment may be properly considered an overall introduction to the current state-of-the-art and an
extrapolation to forecast the technological environment of 10-20 years in the future. An exten-
sive bibliography is included in each FID to document the current knowledge and to provide ref-
erences for further detailed study.

Section 5. TECHNOLOGICAL FORECASTING IN THE AIR FORCE

The Air Force does not have a formal published forecast such as the Armys They con-
ducted two major technological forecasts in depth - The Woods Hole Study in 1958 and Project
Forecast in 1963 - in which they related the predicted technological state-of-the-art to new

system concept studies.

Figure 2.2 shows the organization of Project Forecast, which included analyses of threat,
military capabilities, cost, etc. The forecasting of technology was done in the techncal panels
and was published in the individual panel reports. Continuity and updating of Prelect Forecast
is accomplished by periodic review by the technical panels of the study.

The technological forecast finds utility in the following documents which are updated every

12 or 18 months:

a. Office of Aerospace Research Five-Year Plan. The Ofiie. of Aerospace Research
(OAR) is responsible for the Air Force research program. Since OAR tasks are .generally of a
long-term natuin t re, ast beforecast against relatively uncertain visions f f t' future.
Nevertheless, in the interest of maximum economy and effectiveness i the use on our ,,atoena-
resources, the OAR intends to proceed along carefully plotted courses of action. This years
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Fivef Year Plan sets forth organizatiunal and research objectives for FY 1968 through FY 1970,
describes courses of action for their accomplishment, and presents studied estimates of the
requisite resources.

b. AFSC Techno,; cai War Plan,. Thý Air Force System Command's Plan for the conduct
of R&D aotivity in support of its assigned responsibility consists of a basic plan and five sup-
porting annexes. Purpose of each is briefly stated as follows:

The Basic Plan integrates the content of the annexes and provides the transition of
planning effort into programs and budgets.

Annex A, Environment discussed the broad setting within which the technological threat
and our military policy goals are evolved.

Annex BThreat describes the expected evolution of aggressor systems and technology.
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28 Annex C, Systes pricsaddscribes concepts and capabilities which may evolve

into the systems of the future AF force structure.

Annex D, TechmoLoU describes technology for deriving system capabilities and projects

efforts to strengthen the Command's technological base.

Annex E,Resources projects mission man-years, technical facilities, and RDT&E funds
necessary to develop tests and evaluate both technology and systems.

c. RDT Technological War Plan n ag e Plan. This plan is prepared by the Research
and Technology Division, AFSC, and describes the future course of action that the Research
and Technology Division will take in managing the Air Force Exploratory and Advanced Devel-
opment Programs. It is prepared by the scientists and engineers mn the Air Force Laborato-
ries. It is an attainable plan; it describes how RTD will allocate those resources which it may
realistically expect to have available over the next decade. The plan is oriented toward achiev-
ing the level of technology required to attain the future Air Force capabilities identified by
Project Forecast. It also recognizes that a major objective of this division is the building and
maintaining in the laboratories of a strong in-house technical capability. Changes will kin-
doubtedly alter various parts of this plan. Breakthroughs will occur and unsuccessful efforts
will be terminated. On the whole, however, the plan represents a coordinated picture of where
the RTD is going over the next decade, as seen now.

d. Technical Objectives Documents. These are prepared by the Research and Technology
Division, AFSC, to provide means of communicating with science and industry, to describe the
Air Force's objectives in each of 36 different technical areas. As is the case in any selective
grouping of science and technology, it is difficult to draw sharp boundaries between areas and
thus overlaps occur within the documet.ts.

e. Technology for Tomorrow. The fifth and latest edition oi which was published by the
Aeronautical Systems Division, AFSC, in 1962, and which may be reinstated by the Research
and Technology Division, AFse, was a presentation of motivational concepts outlining the ap-

proach to an optimum plan. It was a guide to the organization and selective application of re-
sources and capabilities for an aggressive support of the long range Air Force technical mis-
sion. The contents and organization of the document reflected the fact that a cohosive detailed
plan exists collectively in the minds of the engineers, scientists, and management personnel
who have contributed to its formulation.

Soction 6. TECHNOLOGICAL FORECASTING IN THE MARINE CORPS

The Marine Corps presently employs the Army Long Range Technological Forecast, inter-
preting it in terms of specific Marine Corps applications. In addition, under Marine Corps
sponsorship, the Syracuse University Research Corporation engaged in a study (Prý)ject 1985)
in 1963- 1964, entitled "The United States and the Worlh in the 1985 Era," which examined
"projected national objectives and policies, the international and domestic military, economic,
and technological factors affecting the United States in the 1985 era." It is planned to update
this document periodically unless the Navy producer a better document which will meet the
requirements of the Corps.

Section 7. TECHNOLOGICAL FORECASTING IN R&D PLANNING

There is need for improvement in communications between the operating and iechnical
communities within the Navy. The NTF is designed :o provide a vehicle that vran partially ful
fill this need. Figure 2.3 illustrates the framework whe rtoby the tactical-techmical dialogue
takes place. There is shown an upward flow of technical ,apabilities, forecasts, ann systems
concepts which meets with the objective of mating with the constraining downward flow of mis-
sions, technological goals, and operational requirements. rhe scientific community "proposes"
technological capabilities while the operational community 'disposes" to fulfil] strategic and
tactical needs.
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A technological forecast of scientific and technical capabilities can constitute a vital part
of the overall tactical-technical- dialogue. The forecast can assist in establishing guides for
Naval Science and Exploratory Development Goals by making available capabilities leading to
concepts and quggestions for developing requirements. What may be seen froir this chart is

that the goals translate tactical requirements into technical objectives and the forecast trans-
lates technical capabilities into strategic possibilities.

The fore-cast and the goals form a two-way street- Ideas and desired capabilities which
are gained in developing the goals might show up as missing in the forecast. Conversely poten-
tials which would otherwise not be considered in the plan will turn up in the forecast- U1 the

"forecast is goo~d, it can be a repository of avenues rf tcchnical approach from Which choices
car be made in developing the goals.

Fieure 2.4 illustraites the functional status of the technological forecast Within thr flow
sequence of planning documents. It is shown that requirements are assessed against feasibili-
ties as referenced to time, with two important planning criteria outputs;

a. Technological constraints or limits imposed which serve to define feasible performance
in relation to desired performance.

b. Implications for the reorientation or shifts in emphasis in defined areas of research
and development.

This process further illustrates the requirement for and gains to be derived from the technical-
tactical dialogue pror,ýss.
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It can be seen from the Technological Forecasting Group's proposed R&D plaiialig sequence
In Fig. 2.5 that technology, including technological forecasting, as well as threat and policy de-
terminations, play a major role in developing operational objectives. An analysis of these op-
erational objectives and current and projected technology result in exploratory development
goals and or technical objectives. The goals'objectlves are then appraised technically and
alternate approaches are considered prior to being incorporated into the technical plan. This
technical plan when approved should serve as a basis for the procurement of resources, as
well as th.- generatiun of the technical program. This procurement and program generation
should go on concurrently so that the time Irame may be sharply reduced. The technical pro-
gram is then broken down into R&D tasks and performed either by government or contractor
groups. The crucial point in this whole R&D planning system is the feedback concept in which
the technical informatzon generated In the R&D tasks is led back into threat and policy where it
may affect the operational objectives. In other words, the whole planning sequence is an itera-
tive one and dynamic technological forecasting Is not only an ingredient but indeed a catalyst.
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Figure 2.5. An R&D Planning System foi the, Navy as Proposed by the Group

Figure 2.6 and Fig. 2.7, respectively, illustrate the functional status of the technological
forecast in the Air Force and Army long .ange planning framework. The forecast functions
and utilization are seen to be analogous for all tiree services.



2-13

Te~chnology

Threat Analy-is Evvivatrio oc &Mltr

AnaIlsis Evaluatkio

4-4
Pcuisble Miitaray Systems

ANALYSIS, EVALUATION & SYN~THESIS

Svrc*,: Air Fi-.re t'ruirct Instruction Manuali of 19uj

Figre Pr~,jert Fortecast Fiuw Air Fo. ce



2-14

NATIONAL,~ 0O0 andJ
ARMY OBJECTIVES

ACR&D INTEGRATED

-- (::ýTIKVNICAL PLAN

Resoucesc. Required

Reicurces Available

R&D PROGRAMkii

SOU RCE: AMC P-ampnlet -AMC P 7U5- 1, Volume 1. uf Januaary 19u,

Figure 2~.7. R&D Plankiing InterreldtiULbh0,ps Armiy



CHAPTER 3

FORECASTING METHODOLOGY

Section 1. INTRODUCTION

This chapter will discuss, in turn, the control of uncertainty in the application of science
and engineering to planning functions, the science of technological forecasting, forecasting
techniques, and techniques for expressing technical trends. The information herein will assist
the forecaster in understanding what a forecast is, what factors make for a useful forecast,
and the constraints imposed by nature and other forces on the extent to which technological
trends may be forecast.

Section 2. MANAGEMENT OF UNCERTAINTY

THE MEANING OF A FORECAST

Modern management emphasizes consideration of future events at times of decision. In
small organizations, the facts, projections, and probabilities may be the responsibility as-
sumed by a single individual. In larger organizations and in a time of changing technology, the
structure, facts, and probabilities are processed by more ophisticated information systems.

To accomplish long-range research and development planning, two fundamentals are pre-
requisite. First, one must have clearly in mind the future objectives to be achieved. Second,
one must have a relatively clear knowledge of the anticipated state-of-the-art in the several
supporting sciences and technologies at the time when they will be exploited to achieve these
objectives.

A technological forecast is a realistic estimate, by technically knowledgeable persons, of
the rate, direction, and extent to which a particular technology or group of technologies will
develop in a specific period of time. Its purpose is to separate clearly the more likely techni-
cal states from the less likely.

A forecast is not a plan, it is not to be construed as a commitment that material or a tech-
nical achievement will be available at the time or in the form indicated, or that it will be de-
veloped at all. It will not predict breakthroughs nor will it describe the innovation.

Technical forecasting does, however, indicate that a significant advance is in the offing
and suggests probable timing of the advance. Thus, by providing a continuing state-of-the-art
assessment, a primary value of technical forecasting is the early recognition of a scientific
development which in turn allows for timely response.

Technological forecasting alone cannot determine what will have been accomplished in sci-
ence or technology by some future date. The technological future will be determined by a num-
ber of factors, including financial support, the number of scientists or engineers working in a
particular field, the number of new ideas or innovations introduced into the field, and a com-
munication or interplay factor among the men and ideas.

NOTE: The dj •r't o•on pr,, mntf.d lihrtin is ba.id largi-ly on material previously published in
tffht ial i,,,l arffi( ia l U.S. Army pulblication% whichi. ha beren adapted for the special purposes
of tha re port. 'Iho, r.tdchr may conatilt Appvaardix E., re(cretw'e (1) through (5), for a more
Sr phtf•piIf. V# raig#' of fto r,,c' s •in mi-thodology, anl th- mnajor individuhal cont ributora.
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A technological forecast itself must communicate. It must stimulate operational minds,
but within the bounds of technological feasibility. It must tatisfy technical minds that it is re-
liable and relevant within professional standards. To reach both these minds, it must be pre-
stunted concisely, quantitatively, and accurately.

"T'he J_-veicpment and analysis of technological forecasts can be an effective influence in

the ereative thought processes which are essential to dynamic management. Each projection
requires careful consideration of the factors which influence the indicated progress. As ap-
pxarnt inconsistencies and barriers become evident, attention and effort must be focused on
their removal. The necessity for innovation is projected well in advance so that the usual pro-
crastination in introducing change may be overcome.

In the long run, it is not enough that a technological forecast serve only general commurni-

cation. P_ must find its way into the formulation of plans, programs, advanced designs, alloca-
tier policies, and other management functions. Continuous revision and feedback from users
will ,e required to create a recognized valuable mana. ement tool. Since decisions usually tend
to be made in the general direction of existing progress trends, one of the most important func-
tions of the accurate technological forecast is to insure that such decisions do not result in
"too little-too late" or in "too much--too soon."

VARIATIOY AMONG TECHNICAL FIELDS

Naval technology embraces a wide spectrum: ordnance, logistics, protection, communica-
tions, tedicine, toxics, detection, environment, human factors, surveillance, to mention a few
major areas. The basic and applied sciences feeding into these military technologies are even
broader, perhaps as broad as almost all science and engineering. Furthermore, the science
and research sponsored under one technology usually produces inputs to other technologies.
Research in power sources, for example, could change the configuration of ordnance systems
as well as transp"-rtatlon systems. Research in immunology could change medical practice or
biological warfare vulnerability. Research in lasers could change communications systems
and/or antipersonnel weapons. Micrometeorology research for chemical warfare also applies
to surveillance, and so on.

There is a natural tendency for research and engineering sponsored under any one tech-
nology to be forecast in terms of applications to that technology. There is also a ter'dency for
f)recasts to include only the currently justified and sponsored research and engineering.
While these tendencies are natural and always expected, they are prejudicial to the breadth of
vision a forecast should possess ideally.

The initial l&tltude toward forecasting is quite different among the various scientific and
engineering fieldt. It would be a dangerous oversimplification to characterize these attitr
by field in sharply-defined terms, Eut for the sake of illustration, and lor sympathy with Lne
forecasting specialist's problem, the fGllowing examples are given. The physicist is said to
favor the random -breakthLrough concept of future technology, which implies that one does not
forecast, one waits until it happens and then sees how it affects applications. The engineer or
applied scientist is sometimes accused of being reluctant to forecast becau'se he tips his hand
and gives developrm.ent or patent possibilities to his competitors. The biomedical scientist is
reluctant tc forecast, it is alleged, because critical experiments, not parameter extrapolation,
is the procedure ior progress. The systems designer is leery of forecasts because component
and subsystem progress depe.ids on resource-allocation decisions made by people over whom
he has no control.

One objective of formal forecasting is to develop a realistic and acceptable, common pzii-
losophy towaid lorecasting among technical fields.
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Section 3. SCIENCE OF TECHNOLOGICAL FORECASTING

EARLY MODELS

Technological forecasting has no established epistemology, no recognized theory or sci-
ence of methods. At one extreme we find an apparent willingness to assign this function to the
very imaginative science fiction writers; at the other, a suggested requirement for a very
scholarly approach. Alexanderl presents a very reasonable case for the "Jules Verne" school
and gives evidence of the success of this approach. Gilfillan, in considering the prediction ol
invention,2 merely specifies some 38 principles of invention. These principles might, through
the inductive method described by Bacon and illustrated in Darwin, yield a skeleton about which
a forecast methodology could be built. In any event, the methodologies suggested by Alexander
or induced from Gilfillan could be classed simply as "forecast by informed judgment."

Lovewell and Bruce of the Stanford Research Institute3 suggest that the forecast can be
accomplished by "thorough logical surveys of current and conjectured applications of science-
and of their consequences, and describe such an approach in reasonable detail. Their primary
departure from Alexander, more so than from Gilfillan, is to augment the simpler "informed
judgment" approach by introducing a requirement for an explicit statement of the rationale
leading to each prediction.

Lenz 4 departs from the essentially single point predictions of the previously mentioned
and addresses a procedure for forecasting by "trend extrapolation." Here we find an indication
that a model for technological forecasting might he built; that analytical techniques might be
applied to assessing the technological future; that a tool can be derived to provide a means for
assuring dispassionate application of the informed judgment of scientific and technical exper-
tise.

The case is made for the relative roles for analysis and for judgment by Secretary McNa-
mare when in speaking about system analysis, or, as he called it, "quantitative common sense."
he said. "I would not, if I could, attempt to substitute analytical techniques for judgment based
on experience. The very development and use of those techniques have placed an even greater
prenmium on that experience and judgment, as issues have been clarified and basic problems
exposed ,o dispassionate examination. The better the factual basis for reflective judgment. the
better the judgment is likely to be. The need to provide the factual basis is the reason for em-
phasizing the analytical approach."" In precisely this sense can the general character of the
desired technolcgical forecast model be described: a tool to insure that factual bases are used
for reflective "informal judgment."

SERIOUS SCIENCE FORECASTING AND SCIENCE FICTION

The art and science of technological forecasting is young. It almost seems contradictory
to the rigorous standards of evidence taught in professional education. It may seem closer to
science fiction than to fact. For this reason, reputable professionals are often hostile to or
skeptical of technological forecasts. Yet for the preparation of the navy technological forecast,
the best qualified persons are desired. The very mind which has been steeped in the facts and
figuires of a field for years and which creates hypotheses, experiments, or designs "at the
bench." is the one which can make professional conjectures with realism and restraint.

t''ho Wild Birds Find a Co-poritc Rqoos, T. Alexandc-r, F'ort•n,, Magazine, Vol. LXX, pp. 130ff
(fA'.• 10(,4).

"I h o( iclogy of Inv'vtntion, S. C. Giffllan, Follet Publih hing Co., pp. 5-13 ( 1935).
tow• WA'. Pi-idict Tcholog.cai Chan_,-. P- J. I.ov'w,'ll and R. D. Broc., w Scientist," Vol.
1 i. pp. M 7- 373 (1 I62).

41-tchnologica! Fore.-caitinF, R. C. Lent, Jr., Rpt Nr ASD-TI)R.62-4!4. June 1652, Wright-
Pat't.r'on A'-B. Ohio, pp. IQ.73 (DDC No. AD 408 085).

S'M(Nainra Dt.finv His Job." New York Times Magazine, April 26, 1Q64, pp. 107ff.
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The technical expert is not asked to create science fiction. The laws of nature as known
in his field are both the vehicles and the boundaries of :eciaus projectlons. He is not asked to
recite these laws or to write a text on what is knnwn in his ficr,. He is asked to sit back and
think a little differently, synthetically instead of .. i '.y t- .!y. In order to plan his next experi-
ment or design in everyday work, he sorts out crdca, issues which stand in the way of mental
acceptance of a smooth-flowing set of propositions. This or that proposition or issue needs
test or demonstration. In forecasting, he is encouraged to examine the same universe with the
same rigor, but to visualize the implications of the corfluence of laws, possible results of new
experiments and trends withir limiting factors. This is not science fiction. It is just another
mode of responsible professional thinking which heretofore was unverbalized and uncommuni-
cated but which now, in tMe age of technological strategy and tactics, must be articulated and
integrated with other information to maximize organizational survival and growth.

THE "BREAKTHROUGH" ARGUMENT

all? There arises an argument: You cannot predict breakthroughs; therefore, why predict at

Breakthroughs rarely occur. Examples like incandescent filaments, penicillin, transistors,
and lasers are often used. But if history is examined a little more closely, one will discover
long intervals between a hypothesis based on fairly solid previous knowledge and a demonstra-
tion of fact or feasibility.

Breakthroughs are partial. They seldom are sufficient to change systems and applications
overnight. They may affect components and methods, but these are tied in with larger systems
which are rooted in the past and present by an ervironment of many other components and
methods. Systems evolve into being; they do not suddenly jump into being.

Breakthroughs can be the expected products of only a very small fraction of the R&D effort.
The majority of research and development progress is accomplished by small steps, tedious
competent work, many frustrations, and incremental gains.

Breakthrcughs may not be predictable in timu of occurrence, but their effects can be esti-
mated if they occur at predicted times.

This last point supports arguments for a fertile and well-integrated technological forecast
as a document and source of information. Unless the future image is knit closely together,
with the interactions between purpo-es, systems, and technology spelled out, the estirmation of
the impact of hypothetical or anticipated (in the sense of betting) breakthroughs is a wild and
uncertain exercise. With all the information tied together, and the technological forecast a
vital segment of the information, the impact of breakthroughs can be examined logically,

THE "STATUS QUO PRESERVATION" ARGUMENT

The argument is made that the future tends to fulfill an image, not because of any magic,
but because the image is a focus for shaping events. Consciously or subconsciously, the image
is used by persons to organize otherwise chaotic bits and pieces of experience and information.
Raw data are converted into information when the sensory input is screened for its relevance
to the image. Reconfiguration of the image is partly conditioned by the historical flow of sen-
sory inforr.iation. The course of history may well be interpreted as causally relatecd to the
succession of images of the fb i-e held by persons along the way.

Forecasters and users of forecasts must be aware of the possible implications of this ar-
gument because the technological forecast is a collection of images of the future, no matter
how it is separated or consolidated. One of these implications is "preservation of the status
quo." If a forecast is just a rehash of a long-range R&D plan (the latter having been prepared
first and justified with a supporting program), then the forecast is being used to validate the
plan. More properly, a plan is a consequence of the forecast and other factors, and the plan
should change annually with the new round of forecast information, requirements information,
and budget levels.



3-5

The forecast could be misused by management in such a punitive manner that the forecast
is forced into the straitjacket of a commitment. If forecasters are held responsible for the
truth of their forecasts, they wil! tend to be conservative in predicting progress and change
and will underestimate the rate of change to keep it under control.

SOPIIISTICATED PREDICTION MODELS

With tile state-of-the-art in technological forecasting as underdeveloped as it is, the Navy
Technological Forecast (NTF) is not an attempt at sophistication nor is it a requirement that
the forecasters develop sophisticated tools and techniqui's for forecasting. Years of "research
on research" and "planning of planning" must precede a technology of technological forecasting.
What is desired now is subst'antive information with is much breadth and reliability as possi-
ble, without knowing how to measure either.

BALANCE: CONSERVATISM VS. OPTIMISM

In the long run. the utility of a technological forecast will depend upon the good profes. ional
judgment of the forecasters. The judgment referred to is the technical judgment, not value
judgment. A scientist or engineer may believe that a tech.:ology is feasible or likely, but dis-
agree with the social.'economic implications. When addressing the technical question, only the
technical answer is desired.

The easiest way to undermine or unbalance a technological forecast is to address it only to
technical questions which have obvious immediate payoffs. Safeguards must be erected against
this possible shortcoming of a forecast.

Another serious problem of balance exists in the possibilities of overstatement and under-
statement. A very conservative forecast mnLy imply low risk for the forecaster and high risk
for the planner. A very optimistic forecas' may have high risk to the forecaster and low risk
for the planner. However. these risk statements may be reversed when the natures of the risks
are examined.

CONDITIONS AND CONTINGENCIES

Trends convey the semantics of growth, development, evolutio.,, progress, direction. The
planner needs, in addition, a sense of the boundaries and restrictions, a sense of proportion
and likelihood. All too often, a technological forecaster may show vistas "nd scenery without
the road map and the hazards along the way. Whereas good salesmanship is supposed to favor
the vista approach. sincere judgment is desired in the technological forecast. The sincerity of
a forecast can be conveyed by an honest and communicative appraisal of the conditions. contin-
gencies, rates, phase changes, limitations, and complexities which impinge upon the trend.
Graphics are useful adjuncts to the written word in showing these limitations.

Sometimes applied research, and often basic research, is characterized as "inner moti-
vated.' meaning that the path of progress depends on the results at each step. A forecaster
may be reluctant to nominate the final path in prospect because he does not know the specific
results at each step. On the other hand, he may know the general objective and the possible
alternatives at various junctures in the branching process.

The trend of technology in terms of naval applications may. in some fields, be conditioned
by forces outside the control of the in-house R&D community. The trend may depend on the
reaction of relatively disinterested parties. One example may be the synthesis of phaimaceu-
ticals or the engineering of complex biomedical instrumentation. Industry R&D governed
largely by consumer markets will be the main source of technological advances for many naval
applications. The forecaster's problem is to describe the likely progress of industry in re-
sponse to the consumer market and to anticipate the incidental advances for naval application.
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Section 4. FORECASTING TECHNIQUES

FORECASTING BY EXTRAPOLATION

The most obvious method of technological forecasting is to as6ume treat whatever has hap-
pened tn the past will continue to happen in the future, provided there are no disturbances.
This most common method is the extension of some form of titne ueries on the basis that ex-
Isting trends will continue. While it is not a very accurate method, most intuitive forecasts of
progress are probably based on subconscious versions of this technique.

Two basic assumptions must be made to use this method:

1. That those forces which created the prior pattern of progress will more likely continue
than change.

2. That the combined effect of these forces is more likely to extend the previous pattern
of change than it is to produce a different pattern.

The method is applicable to forecasting the functional capabilities of man, i.e.. the end ie-
sult as opposed to the means of achieving some objective of man. For example, moving, com-
municating, illuminating, computing, etc., are functional capabilities defined as being independ-
ent of any specific technology--although in fact being based on all applicable ones. If the field
of interest to the forecast centers on man's ability to communicate, appropriate data sets might
be "frequency spectrum exploitable" or "number of intelligence bits per hour per mile of sepa-
ration between communicators." Such a set of data does not explicitly concern itself with
whether the desired function is to be accomplished by cable, microvyave, teletype, or a Telstar
satellite. One or more of these technique-; must be implicitly involved. The growth is consid-
ered in terms of cumulative time or calenoar year. Typically a plot of functional capability
versus time displays the exponential character of growth (Fig. 3.1).
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The farther the forecast extends into the future, the greater the probability that one of
these above assumptions will become invalid.

A more valid method of forecasting future trends of R&D activity, and related funding is to
compare them to typical biological growth phenomena.
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FORECASTI NG BY GROW`TH ANALOGIES

Technological progress, as, we are currently witnessing. more than likely proceeds in an
exponential nianner similar to the law of acceleration under the influence of gravitational
forces or to the pheinomena of biological growth. Initial advance is exponential, followed by a
continued diminution of the rate of advance as "nmatorinty" is approachcd. The synthesis of
several fields of progress, each occurring at different intervals. iiay restult in an exponential.
advance for a functionial ca-VAbility.

Consider trends of specific techniques which enable a functional capability to be accoin-i
pii!ýhed. In tht- communications field, one sept might consider the historical girowtn of a band-
width capyability of microwave links. This class of data, which might well be called "Specific
Teehaique.- follows a characteristic curve (Fig. 3.2). Initially the technique tends to experi-
ence a period of slow growth. It miight well be hidden in a laboratory at this tiraL or buried in
a patent office. Fina~ly, its potential is recognized. money and work are poured in, problems
aze resolved, and ant accelerated growth occurs. Eventually, limiting [actors are encountered.
the growth rate decelerates, and the curve asymiptotically approaches some upper value.

U
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FOREOASTING BY TREFKD CORRELATION

The trend of a technical parameter which is complex and difficult to predict by itself may
sometimies be more easily expresqed as the result of a relationship between two or miore other
trends.

In order to use two or more trends to determine a third. the predictor must hav'e available
a number of primary trends which are related to the technical field of interest. To these he
niu~t add a k~nowledge of probable relationships that might arise from combinations of such
variables. Thfe predictor may then select the relationship and the primary variables which in-
fluence the desired technical improvement. The trends of the primary variables may be pro-
jected onl the baisis of any techniques which appear appropriate. The prediction is then com-
pleted by proiection of the unknown variable on the t'asis of the relationship between the primary
variables.

Time series may be used in quite a different way for prediction by taking account of char-
acteristics in the trend curves of the time series.

One of the simplest situations for prediction on the basis of trend characteristics is one in
which the extension of a well-established exponential rate of orcogress intercepts a known phvs-
icat limit. Since, b%. definition. progress cannot extend tieyond this limit, only two predictive
possibilities exist. The first. obviously, is that progress will indeed stop at this point. ThE
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second is the development of new technology that will permit the extension of progress on some
equivalent basis beyond previously known limits.

DYNAMIC FORECASTING

In a method of technological prediction based on the technique of "Industrial Dynamics,"
technological progress is based upon a mathematical expression of the influence of those fac-
tors over which control may be exercised. These factors include the numbers of people trained
for a given research and development function, the number of people employed to perform that
function, and the facilities provided for experiment. The effect of each of these factors and the
feedback relationships are combined in equations which provide a prediction of the technological
progress to be obtained from a given input of the factors involved. The greatest difficulty in
this method of technological forecasting is the determination of the transfer coefficients which
relate quantities of the input factors to the quantities in which technological progress is meas-
ured. In most cases the transfer coefficients will necessarily be based on the empirical rela-
tionship which has existed in the past between the input and output factors.

DELPHI TECHNIQUE

The Delphi technique is a unique method employed for the systematic solicitation of expert
opinion. Instead of using the traditional approach toward achieving a consensus through open
discussion, this technique "eliminates committee activity altogether, thus ... reducing the in-
fluence of certain psychological factors, such as specious persuasion, unwillingness to abandon
publicly expressed opinions, and the bandwagon effect of majority opinion. This technique re-
places direct debate by a carefully designed program of sequential individual interrogations
(best conducted by questionnaires) interspersed with information and opinion feedback derived
by computed consensus from the earlier parts of the program. Some of the questions directed
to the respondents, may, for instance, inquire into the 'reasons' for previously expressed opin-
ions, and a collection of such reasons may then be presented to each respondent in the group,
together with an invitation to reconsider and possibly revise his earlier estimates. Both the
inquiry into the reasons and subsequent feedback of the reasons adduced by others may serve
to stimulate the experts into taking into due account considerations they might through inad-
vertence have neglected, and to give due weight to factors they were inclined to dismiss as un-
important on first thoughit." 6 RAND Corporation's long-range forecasting study used this
technique.7

INTERPRETATION OF FORECAST DATA

Selection of a parameter to be considered in a forecast, as previously noted, involves the
consideration of functional independence. One could, for example, plot the cost of light per
lumen. Such a plot, however, would implicitly consider the efficiency of the energy conversion
device, the cost of the energy consumed, and perhaps even the impact of governmental taxing
policies or restraints on transportation of the energy source. Thus, cost of light per lumen,
while a feasible parameter to establish, appears to be subject to too many constraints.

Instead the forecaster is better advised to concentrate on such parameters which he might
be able to control. An excellent candidate for analysis, perhaps, is "efficiency of energy con-
version." A somewhat easier variable to present is "lumens per watt." Such a curve is plotted
in Fig. 3.3. Although it is not necessary to do so in a working plot, certain points are identified
in Fig. 3.3 for purposes of the example. The data points address themselves to particular tech-
nologies which are the current basis for the functional capability described in the associated
trend curve. The dotted line constituting the forecast portion of the plot is an extrapolation of
the growth trend,

* -,?,., "(), t ji,,tilogy of tht, hI,,xd rt Scleincct.,'," by 0. |1 lrrie r and N. Rcscher. Manaig.-

7 1 , t - it'i ---w , ( -I( 1 9 5); ), 4. 7.
. C rdit-,-id 0. lIeliner, RAND Ciorp| rat toil, "Rv(p-ort on a Long Rangt, Forecasting Study,'
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One may reasonably ask as to the validity of a continued exponential extrapolation. This
question, for the present, can best be answered in only two ways. Experience demonstrates
such an extrapolation to be appropriate. Second. reflection upon the growth factors at play
seems to indicate that until some physical limit is reached, an increase in functional capabili-
ties is to be expected. Intuitively one would expect that the exponential increase in the number
of working scientists, the exponential increase in the number of technical periodicals and pub-
lished papers, and the similar increase in the funded support of research experienced today
would combine to result in such a growth pattern.

A detailed study of historical growth in terms of the demonstrated functional capability
would riot reveal the deliberate day-by-day enhancement suggested by the chart. In fact. a con-
tinuing series of perturbations, of step-like advances and plateaus. would be seen, and properly
so. If the trend line is an indication of the potential upward limit of a functional capability at
each point in time, the limit is realized only when a decision is made to exploit all of the avail-
able pertinent knowledge. Where nothing new and better is made, a plateau results.

The possibility always exists that the situation seen for the illumination example will oc-
cur; physical or natural limits are being approached with increasing Irequency in our current
technological society, For example. today one measures thicknesses in single wavelengths of
light, electronic components in terms of molecular sizes. and so on. When this situation oc-
curs. one can only terminate the curve at the limiting point and suitably annotate the chart.
Such information is clearly useful in avoiding an undertaking that the scientist recognizes as a
theoretical impossibility.

Figure 3.4 is a plot of the growth curve of the conventional incandescent bulb and the fluo-
rescent lamp. both current techniques for converting electric power to illumination. Growth
points are identified to indicate the manner in which the plot has been prepared. The shape of
the curve shows a rather limited growth during the early experimental years of the technology.
then an explosive growth toward increased efficiency and, finally, a tapering off as the growtn
curve appears to approach an asymptote. The relationship between this plot of technological
advance and that of functional capability is apparent. Each specific technology contributes just
a small portion to the overall functional capability growth. At best, each offers only a few data
points to the long-ternm technoiogical growth curve and assists in understanding or interpreting
the capability curve. Thus. the functional capability forecast as biased by, but is independent
of. any particular technology. One nmay ask the significance of the functional capability plot
(Fig. 3.2) to the planner. Care must be exercised to insure that projected capabilities reflect
actual potentialities of the specilic techniques included in the presentation. For example,
Fig. 3.5 presents capability curves for two functionally simiiar technologies. one old, one new,
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and identifies a number of critical points. At time 32, one may or may not have reason to be-
lieve that the "old" technology is going to reach a growth limit. The "new" technology has
shown little development. At time 30. a conservative technological capability forecast of the
two would appear as Fig. 3.6.

At this time, the manufacturing arm of a given industry, for example, would have little
cause for interest in the new technology. The research facility is well advised to monitor the
new technology and. depending upon management policy, to explore it to some depth. To some
extent the appropriate relative level of research expenditure can be adjusted as a function of
the slope at any point between 0' and 1'.

As the new technology curve moves into the region between 1' and 2' (Fig. 3.5), a potential
for exploitation is evidenced. Here the forecaster must ask questions as to the status of the
old technology. If the older, and more common, technology continues ta show an expansion
potential such as is seen about time 38 in the growth curve, he might be well advised to con-
tinue the new technology at a research and development level, or at best, to prepare to exploit
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the new. technology0 in his long-range planning•. On the other handt, if the older technology is
approaching the stagnation region evidenced beyond section 3 and the new tec~hnology- lies be•-

tween V and 2' (time 40 uf Fig. 3.5). the time for exploitation may be ripe.

So far the concepts of "old. or current technologies" and "new technologies" have been in-
troduced without explanation. The "older" or "current" technologies would be quite obvious.
These are the ways a functional capability is or has been accomplished. The forecaster learns,
hopefullyof "new technology" from the scientific and engineering communit'es. The forecaster
must continuously probe into alternate means of accomplishing each capability of interest to
his task and evaluate the potential of each suggested technology. By becoming aware of novel
approaches, he establishes a position tD exploit new findings or knowledge, no matter when it
occurs.
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PARAMETRIC SENSITIVITY ANALYSIS

When the treod of one parameter is determined by that of two others, a sensitivity amalysis

hn a sensitivity analysis, the dvpendent parameter r- ý,erest Is tested for sensitivity to

otevolnical oimiratinaons.These. are vanrtiity ovrtf-ir iselyw e~blte. as thermasymmetrialgegg.

Uinder the assumption that the probability distributions are similar for the ranges of a and 3
shown, the egg takes this shape.

01 0

U2

technical parameter changing from Rt and 0.

.1 Operational porameter changngn from the
ev'olution of use err..ironment.

t(T~me o, Pac~rrg Parameter)

r.7 ::: F: - .r i i- S-ý r~izýitv to Varah' rr ir~nb'-r

Sonic hvpothetical examples of V. -. and fur several fields of technology are listed

below:

Medic ine

V - Doctors per casualty

- l3urr-shock reduction by pharmaccuticals

-Nuclear or conventitonal war
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VTOL

V - Payload per gross weight

a - Lift/drag for boundary layer techniques

.3 - Invulnerability assurance

Clothing

V - Hours in toxic environment

, - Absorftioro coefficient of synthetic fiber.

- Ambient temperature

Communications

V - Channel-years per satellite launch

a - Power rating of small power sources

3 - Payload of available boosters

Section 5. TECHNIQUES FOR EXPRESSING TRENDS

TECHNIQUES

Words without pictures are as weak as pictures without words. In the first instance, the
reader is asked to visualize what is spread out in rhetoric and probably exists in the mind of
the writer. In the second instwnce, pictures imply a logic which may not be identical with that
of the accompanying syntax. A , echnological forecast should be a proper combination of the
new modes of expression.

Figure 3.8 depicts a time-dependent trend. The payload ratio of flying belts is shown as
it is expected to increase in the future. Conventional fuel is a barrier at one level of perform-
ance and exotic fuels at another level of performance. The improvements between barriers
are those expected in the usual history of applied science and engineering going from the dem-
onstration of feasibility to the futility of incremental improvements. The figure implies that
current new fuel research would break out ii 1963. It also implies that between 1965 and 1970,
competition will exist between the underdeveloped new configuration and the overdeveloped old
configuration. The broad areas indicate the confidence interval. In this case real time is shown
as the independent variable for progress, and this makes a certain amount of sense.

In other cases, the identification real time is less precise. Often the real times of occur-
rence of steps of progress are dependent on one or more factors (parameters or variables).
Figure 3.9 depicts a parameter-dependent trend. The gal/day of desalinized ocean water is
hard to put on a time scale of expected progress. Many factors affect this progress, two of
which are the cost of power and the diffusion rates of membranes. These effects are not inde-
pendent. Their joint occurrence would determine the performance characteristics of diffusion
desalinization plants, but no one is confident in predicting the separate parameters as time-
dependent trends.

The picturing of parameter-dependent trends is full of problems. In the first place, partial
and contingent dependency is poorly represented graphically. For instance, the rule of combi-
nation of the partial effects of Y and Z on X is not necessarily that implied by the chart,
namely, addition. There may be complex relations between diffusion rate and power in specific
design applications because of such things as induced potentials. On the other hand, if X, Y,
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and Z. are graphed together in a three-dimensional pictorial to account for thizi specific-
design interaction, then the general nonspecific design direction of effects may he. obscured.
The specific functionally related curves are basic to systems desi1~n, whereas the tr"nclds are
the engineeringly imprecise but directionally correct informiation for planning. The engineer
cannot use what is useful to the planner and the p~lanner cannot use what is useful to thle engi-
neer.

The problem here is not trivial. ft bears on thie whole iPsuc 'o1 the feasibility ol forecast-
ir~g in terms of time and probability. Almost ail for-ecasting. if ta-ken seriously, involveCs
paraoiet~r-dependent trerds as elemental pities. Time as an indccpentcd \-trvaiable takes on
increasingly the role oif a miodulus and not real time. Agýain, the corres.pondencu between real
anid pSychological probabilities in predicting RKD) products is calted into question. With libtle
physical ýiasis for making probability estimates, s~ho-iid the available phvsical elements be comn-
bined or should an overall estimate of probability be madle by the forecaster? lItthe latter
makes more sense, tar forecaster's projections in p)rob~ability terms, can be L.uallv conibined
by planners who are not predictors, but whio deal with even larger aggregzates aid who out r to
know tiiv'ir pr'obabi lit ies.

A way to communicate the relationship of events without riskimi a prec ise t imie prediction
is to describe and depict the human process ill the quest for technological result,-. Fig~ure :3. 10
is an exaniple of expressing trend as proce. si it, the acquisition and applicationI of knowicdig.
High-vacuum technology is; shiow-n as prog, c- sing over the dlecades by inntovations -mid adlapta -

tions arising from various other technologies. This figure could be c lahorated to great deitil
wjthout toss of its comnxmunicat ions value. expeciAllv if gr oups of blocks are color coded (e.g..
inputs, devices, outputs, applications) and if the lirocess arrows- ale vodeit tor various ,olcanjincs
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(e.g., A begot B. A merged into 3, etc.). The logic implied by blocks related by arrows so
coded could be conjectured inputs and impacts of potential future technologies. For the product
planner, blocks could be tapped off at different points in the process showing the effects on
such things as feasibility of small fusion reactors, weight reduction in space vehicle structures,
and high-performance cold electron tubes.

Large techno-millitary systems evolve over years. The trend in their configurationl is
rooted in the past and it helps the producer of the forecast as well as the user of the forecast
to visualize the evolution. The forecanter is forced to see the big picture when adding novel
detail, and the user gains a sober impression of the inertias inherent in growth and change.
Figure 3.11 shows such a trend as evolution in the configuration of a system. The subject is
the ground environment of air defense nets aid the pictorial is quite schematic almost like the
budding pattern of organic growth. Directions of systems growth which were abandoned or are
expected to flourish temporarily, are depicted as buds which stop reproducing. The size and
interfaces of buds can be used to imply the strength and sources of growth increments.

Ov.,,idod

kV i" 1

-to

Sometimes the operational objectives of technology can be identified and expressed fairly
easily. When this is the case, the progress expected of technology can be illustrated as partial
fulfillment of these objectives.

When trend is expressed as partial progress, the end-p~ont should make tec'hnic'al and opi-
erational sense. If the goal is mere'y the completion of a project or program. the tinle-wise
progress graph may make good reporting data for programmers and |budgetctrs•, hut not fo)r
forecasters and planners. The completion of a project may be essential to the success of a
larger program, but the plarulcr could hardly care less if such a project is twenaty or ninety
percent complete. Expected results are what he needs to know. (Of course, it would be a
matter of concern if the cost of the program is not commensurate with results in terms of tho

Sechnical .'oprra ~ts'd goa.)
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Not all technical programs are easily defined in terms of objectives. However, with some
thoughtful and analytical attention, it is likely that many technical programs can be t.onverted
from "percent progress" or "percent budget spent" to presentations of substantive goal-
fulfillment. To do this, of course, requires the identification of the goal and its description in
parameters which are directly rceatable to the performance parameters of the end products of
the technical program, which can be a painful exercise.

EXAMPLES OF TREND PRESENTATIONS'

The trend of a critical characteristic (in this ca-& the tnrust-to-weight raiio of lift en-
gines) is shown in Fig. 3.12. Uncertainty (because of technology or funding limitations) is
shown by the use of broad lines. The impact of new techniques (in this case, materials) is
also shown.

The case of a development involving the projection of two critical parameters (in this in-
stance, power gain bandwidth and system noise of solid-state amplifiers) is shown in Fig. 3.13.
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The projection of a critical characteristic in technulogy, in whicu specific milesiones in
research and development are identifted, is shown in Fig. 3115. The actual and anticipated
gains in certain characteristics of air-cushion vehicles (ACV's) are reported.

Air-cushion vehicles' performances, in terms of a factor of merit, are pro-
jected for a vehicle with a bare bottom and with a skirt and trunk system.
Significant improvements in ACV performance have resulted from the devel-
opinent of skirts and flexible jet extensions, Aerodynamic problemn' associ-
ated with the-se develupinents have been largely resolvked, but finding suitable
materials for the air-cushion devices is a continuing problem.
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Figure .3.15. Air-cuishion Vehicle (ACV) Performa~nce
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Figure 3.16 shows performance characteristics of microwave tubes over the past 25 years
and as projected through the next 15 years.
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The projection of a critical characteristic In terms of other constraining parameters is
shown in Fig. 3.17.

In order to resist the intense temperatures. high pressures, shear forces.
corrosion, and erosion of exhaust gases, the uncooled nozzle on the bolid-
propelled rocket has, of necessity, been undesirably heavy. The flame tem-
perature of present-day exhaust products ranges between 5700'F and 5900 F
(Fig. 3.17). As of the time of the preparation of the forecast, these tempera-
tures were soon expected to exceed 6300' F, and would approach 7000 F by
1970, requiring the development of nozzles whose underlying principle of
functioning is by other than heat-sink methods. This can be accomplished by
using the highly refractory metals, hafnium, tantalum, and tantalum-
zirconium alloys which have melting points around 7000'F.

The trend of a critical parameter may also be presented on a bar graph, as shown in
Fig. 3.18.
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In some areas of investigation it becomes necessary to define requirements for research
and development in the several elements of the area under consideration. It is possible to
project the state-of-the-art in the various disciplinary areas and to estimate their relative
importance during the forecast period in terms of operational requirements. From these two
trends, it is then possible to establish research requirements and associated resource (per-
sonnel, funding) needs during the period under examination.

For example, Fig. 3.22 looked to defining a desirable Nuclear Weapons Effects
research program for the projection of aircraft and air crew in 1962 and fol-
lowing years assuming an extended moratorium on atmospheric nuclear
weapons effects tests. Figure 3.23 shows the relative importance trends of
nuclear weapons effects and Fig. 3.24, indicating relative research require-
ments (RR), combines relative importance (RI) and predictability (P) in terms
of percent of total requirements as follows:

RR - RI x (I-P) xl00
E [ RI x(1 - P)J
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CHAPTER 4

PART I - SCIENTIFIC OPPORTUNITIES

Section 1. INTRODUCTION

Scientific knowledge is a basis for the prediction of outcomes. It is the store of knowledge
essential for rational support of cause and effect relationships, which in turn are the substance
of planning. The forecast of Scientific Opportunities is intended to provide a data bank of se-
lected "outcome" predictions from the total store of scientific knowledge. The forecast is an
information source for planners designed to be:

a. Useful in retrieving scientific knowledge significantly relevant to naval technology, and

b. Useful in the assessment and orientation of naval research programs.

The Scientific Opportunities forecast thus has the objective of providing management with
a tool for the planning and utilization of Navy-relevant science and technology.

Since, by definition, it is not possible explicitly to forecast basic research, some clarifi-
cation of the inclusion of research in the Navy Technological Forecast, and indeed as a Navy-
funded program, is in order.

An OPNAV definition of research, for Navy planning purposes, is as follows:*

"Research - Includes all effort directed toward increased knowledge of natural phe-
nomena and environment and efforts directed toward the solution of problems in the
physical, behavioral and social sciences. It would thus, by definition, include all
basic research and, in addition, that applied research which is directed toward the
expansion of knowledge in various scientific areas. It does not include efforts directed
to prove the feasibility of solutions of problems of immediate military importance
or time-oriented investigations and developments."

The RDT&E Management Guidef further defines basic research as:

"Research directed toward the increase of knowledge in science, the primary aim of
the investigator being a fuller knowledge or understanding of the subject under study,"

and Applied Research as:

"Tbe application of knowledge, material and/or techniques directed toward a solution
to an existent or anticipated military requirement."

ONR has still another and a special definition for Naval Research:

"To encourage, support and conduct systematic and exploratory research in basic and
applied science which contributes information leading to discoveries of potential im-
portance to new materials, equipment and working principles, or to new concepts in
military operations and philosophy."I

*O1INAVINST il)0U.8C.
'IDepa rtment of the Navy, "RDT&E Management Guide," Vol. II.
[(NRINST 3'10.2A.
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Thus, aaval research is buth 6,isit dad Applied atid will tcend to vimphasize scientific areas
that can lead to the Advance of military technology.

It is evident from We above definitions that the gray area mergkrqy navai research (Pro-
gram 6.1) with exploratorv d, -lopinent (Programn 6.2) will he very b:ua. This overkip% is a
pra,'tical fact of [life thtw is re~ccivul iincrvasAd recoignition 111 Navy Departf-1cnt- U&D lnii.

A useful military rystem ifi comprised of particular arrangernen's of technical butldivi,
blocks that have evolved from a broad Ivase of scient-fic knowledge..

Figure 4.1 is a simrpic illustration of the two-way path bctween. systems and scieince. The
standard approach is to describe a conceptual systemn on the- basis of'a predefined mission and
need, assess the capability of technology to provide- the required performance; isolate and de -
fine engineering and sci~entif ic deficzericies; and direct effort Voward resolutioýn W, these. This
is an essential routine in the business of all "projects," and a primiary basis for the selection

ofappropriate areas fur exploratory development and research. The scientist, fin particular,
m ay point out two anomalies:

a. The base for selected Areas of militairily useful scietitilic knowledge, while finite, will
bevery broad even when it is premised upon predefined systems requirements.

b. Truly innovative and effective systems are often not conceived on the basis of predefined
need. They become feasible and needed because of scientific advances that were not initially
systems oriented (i.e., research).

SCIENCE-TO-SYSTEM-.-SYSJ EM-TO-SCIENCE

VvE A PON1

SYSTEM,

6 4 anid above

TECHNICAL BUILDING
63 BLO>CK S

Semvor Pr-opel tont Arat POceiio,
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PH,'SICI-CH~tiSTRY-sATeH-LIFE SClLNCE-ENGINEEPIN-C
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The case for DOD-supported research assumes that both paths of Fig. 4.1 (science-to-
system and system-to-science) must be considered in the delimiting of scientific areas of
military concern. This dual approach concept 4as been followed In the DOD formal delineation
of "Defense Research Sciences" and (for the Navy) of Naval Research Requirements.

The first tasks in planning for a forecast of Scientific Opportunities were to define and to
categorize naval research. Definitions and a philosophy for categorization are outlined above-
In 196i, the Otfice of Naval Research published a descriptive set of 81 naval research require-
ments. It is in order to update these, as required, and to make them compatible with the
RDT&E fiscal and planning structure, i.e., with the four areas and fourteen elements of the
"Defense Research Science." Models tor accomplishing this are provided in later sections.

A proposed format for the "Scientific Opportunities" part will separaLely treat each of the
above- mentloned categories (naval research requirements). For each category there will be
prepared a FORECAST section and an APPRAISAL section. These will be described in greater
detail.

The FORECAST section will cover:

a. Background
b. Present Status
c. Forecast

The FORECAST section intends selectively to provide broad-scope coverage of those as-
pects of the category considered to be important from the point(s) of view of Navy relevance
and/or scientific advance. Source materials are not limited to Navy-sponsored research, but
rather include all pertinent efforts in the category field.

The APPRAISAL section is an appraisal or interpretation of the first in terms of naval and
scientific significance. There are two alternative criteria for the selection of items in the
APPRAISAL section. Each included item should be significant in terms of:

Scientific advance potential, and/or
Navy and Marine Corps application potential.

This chapter will provide a listing of categories considered appropriate for the Navy De-
partment forecast which listing is compatible with the RDT&E fiscal and management struc-
ture; and a detailed format generally but incompletely displaying recommended forecast con-
tent. The category selected for format display is "Solid State Physics." The materials
presented do not constitute a compiete model for that area.

Section 2. CATEGORIES

The Department of Defense has catalogued Defense Re3earch Sciences into four areas
which are further divided into fourteen elements. Naval research categories are described as
"Naval Research Requirements" in ONRINST 3910.2A of 1 September 1961. There are 81 of
these requirements. In order to make the research category listing compatible with the DOD
fiscal and planning structure, it seemed desirable to determine whether the categories could
sensibly be arranged as subdivisions of the fourteen Defense Research Science Elements.

The Office of Naval Research is currently revising the naval research category listing and
their descriptions. A category revision should result in both the updating of Naval Research
Requirements (Areas) and the establishment of compatibility with Defense Research Sciences.
Models for such a revision have been prepared and are presented in Appendix A. For these
models, the revised categories of Naval Research Requirements (Areas) are listed under ap-
propriate Defense Research Science Elements. Brief descriptions of each category in terms of
scope and content are provided in Appendix A. These categories reflect initial efforts of the
NRL Research Program Office leading toward a definition of areas of Naval Research in a
compatible format.
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Sect-Ion 2. FORMAT

CONTENTS OF FORECAST

The. following note provides sugg'ested guidelines to those responsible for th, preparation
of the Scientific Opportunities Forecast.

Navy Technological Forecasts will reie.,etce materials principally intcnedc! .or use as
management tools for planners of R&D programs and for planners of advanced nailitary Sys-

tems for the operational Wavy. These two audiences have different, although related, forecast
information requirem'ents. The R&D planner needs scund basis fur inrou ingnw a.-as of
investigation and for the shifting emphasis5 in on-going programs. The- military systems plani-
ne-r it, conce-r~ed with the technical feasibility of pcirformance that van be operationally useful
toi a particular time frame, NeithEr audience would go to the Forecasts for detailed inior ma-
tion concernling a particular physical phenomeacan. Thte expert specialist and the literature will
ý_-rays be better reference sources. The preparer of forecast materials will tlius recognize
his task to be the compilation of a condensed document, not a text. Further, the audlience for
the forecast is management, not the leari~ed scientist. And, finally, the objective of the fore-
cast is to provide information in a sucinct formv that can be useful in the direction, Control,
and application of naval science programs. The preparation and use of forecast materials is
designed to enhance dialog betw2en the Navy scientific and operational communities in it mutual
influence drocess.

Basic and applied reE-earch are somewhat remote frunm fleet utilization relative to ad-
vanc-1 t~zvelopment. A stuggested filtering process for selection of material to. be presented inl
the ' (ientiflc Opportunities" section is the requirement of a 'yes"* answer to either or both of

the following questions:

a. Are the data nciede.1 In order to describe a significant potential advance in scientific

b. Are the c'ata probably uselul in support of a Navy technological need?

F.e Refter qen onate mpsprilyt applyrtine Data -t-ytm hlsoh l-sii

inthe inroputose. apprsoa chourste, pavlfrticuast o Scient thticiOpoenitiesi lwaiicsof wth bsli-
'natr of ideteioied and theiprobaindityge aspelent oav ahelications RetuhS ois (sgh. She Nav ixpon~
2eveofmn ticaptogr)Eachil b cagory bytis traekginst af sutpudar frormate "cientrifid Oofadatahs'
adforecast. olwdb ouiguo eetdmtrasfnaii aeiitrso gii

ccnToe scioentficramatc aulndet ampyirelevance the etF S tection, sas tot-c w;Is)i ttoswl

F The~~~~B propsent Stts'drdfmafoJ Forecast Seecnitionsii ~l~~nt tes
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Background. A brief of highlights of the evolution with emphasis on relevance to Navy
technological needs. The background statement provides perspective in digest form.

Present Status. A display of the present state-of-the-art of the category as a basis for
forecast projections. Selected coverage will be limited to those items of particular scientific
interest and 'or Navy relevance. Generalities should be avoided in favor of a quantitative ex-
pression of achieved parametric limits.

Forecast. A projection of up to, but not lirn -d to, 10 years or more of anticipated ad-
vances for the items selected. The projection i: ) be quantitative where practicable. It
anticipates and identifies appropriate changes in, mphasis and resource utilization over pres-
ent effort. The level of confidence in the projertion validity is displayed or given a numeric
value. Parametric forecasts are preferred over end-item or special-purpose device compos-
ite performance estimates. Content is principally graphic display with brief supporting and
qualifying nairrative.

APPRAISAL SECTION

The Appraisal Section, which may be published separately, is an assessment , ms of:

Naval and Scientific S ificance. This constitutes an expert appraisal, fr . .he jint of
view of the Nav scientist, of selected items in the category field. Factors are a--, ssed in
regard to their potential worth to material advance in scientific knowledge, and/or toward
fulfillment of Navy Dept. technical needs. Since the Scientilic Oppor tonities forecast has
utility primarily as an aid to research and development planning, it should provide, in partic-
ular, criteria that can support:

a. Re-orientation, or change in emphasis, for areas of Navy scientific investigation

b. Re-orientation of scientific knowledge toward applied or exploratory development
phases of investigation leading ultimately to fleet utilization

The deliberate identification of potential high pay-off are..s (as well as those of diminish-
ing returns) will serve selectively to focus attention upon significant items. In particular, new
and advanced concepts are to be identified that show unusual pro'aise, those that can lead to
marked gains in science or in naval technology.

The effective exploitation of new discoveries and developments arising from research pro-
grams will require that they be presented in terms of possible application to operationally
useful naval systems. The intermediate element in the science-technology-systems route is,
of course, exploratory development. It is, therefore, an objective of the Appraisal Section to
relate research findings dii ectly to Exploratory Development Goals.

In the RDT&E management structure, research endeavor (RDT&o category 6.1) leads to
exploratory development (RDT&E category 6.2) in the sequence toward military application.
Fiscal planning documents categorize exploratory development effort in terms of "elements."
These are generally related to military functions or tec!hnologies. Indications of the relevance
of relatively basic scientific advances to Navy-Marine Corps technological needs has been
identified as a burden of the forecast of Scientific Opportunities. Such relevance can most di-
rectly be charted against predefined goals of naval technology. These goats are in the proc-
ess of being defined by the Exploratory Development Division of NAVMAT.

The Technological Capabilities section of th's report catalogs tecnnologies (see Appendix

B), and functions of Navy interest as follows:

Section I - Engineering Technologies

1.1 Materials Technology
1.2 Fluid Dynamics
1.3 Environment
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1.4 Acoustics
1.5 Electromagnetics
1.6 Information Processing and Presentation

Section 2 - Surveillance and Target Acquisition

Section 3 - Communications

Section 4 - Navigation

Section 5 - Power Technology

Section 6 - Weapons Technology

Section 7 - Vehicles/Installations

Section 8 - Countermeasures

Section 9 - Supporting Technologies

9.1 Logistics
9.2 Biological and Behavioral Technologies

Section 10 - Space Technology

The above "Sections" are further subdivided so as to exhibit proposed Exploratory Devel-
opment Elements and associated current Exploratory Development Requirements. For the
purpose of showing the Navy-Marine Corps relevance of potentially high pay-off "Scient iic
Opportunities," the above sections will be used as relevance categories.

Those areas showing possible low pay-off should also be called out and appraised in terms

a. ligh-risk versus limited potential gaia

b. Remote relevance to Navy-Marine Corps problems and projects

c. A projection of diminishing returns due to uncooperative natural Liws or other predict-
able dead-ends.

SUPPORTING DATA

Associated R&D Organizations. Organizations making important contributions to the cate-
gory discipline are called out to suggest sourcec of more detailed technical data than are pro-
vided in the forecast. The names of outstanding experts, narticularly those in in-house labora-
tories, can be provided for the same purpose.

References. Seiected, particularly useful references are desired, as opposed to an exhaus-
tive list. References from which forecast material has been derived will be included.

The individual and/or organization re.ponsihle for the validity of the forecast will be indi-
cated for each category.

Section 4. SAMPLE FORECASTS

Guidelines and ground rules for the compilation of forecast materials are provid(d in Svc-
tion 3, Format. The quality and credibility of the forecast will vary directly with the compe-
tence and extent of effort of those who prepare it. The preliminary materials presented in the
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sample are not adequate and in some instances not necessarily credible. The sample would be
more representative had it been prepared by personnel knowledgeable in the field who had ade-
quate time to prepare it. The intent of the sample is to provide an example sufficiently related
to life as to be useful to the Solid State scientists who would prepare the final material. Where
the foregoing guidelines and the following example are inconsistent, the guideline instructions
should prevail.

SAMPLE FORECAST

(Preliminary)

R001 02 SOLID STATE PHYSICS

Solid state physics is the study of physical properties of solids and interpretation of
these properties in terms of quantum and band theory, thereby providing stronger founda-

tions for metallurgy, optics, electronics, and other applied sciences.

SOLID STATE PHYSICS

Principal Subdivisions

Theory of Solids

Synthesis, Growth, and Structural Characterization of Solids

Mechanical and Thermal Phenomena in Solids

Ejectronic, Magnetic, and Optical Phenomena in Solids

Interaction and Radiation Effects in Solids

R001 02 SOLID STATE PHYSICS

CONT ENTS

A. Background

B, Present Status

C. Forecast

D. Naval and Scientific Significance
Potential High Pay-Oif Areas
Areas of Diminishing Returns

E. Associated R&D Organizations

F. References

A. BACKGROUND

Soid state physics is developing a better understanding of the properties of matter
and an improved capability for materials synthesis. Research in this area is leading,
among other things, to both reduction in size and controlled vwrsatility in capabilities of
electronic devices. Specific examples of Navy interest are:

________ i______________ i___i___ m___ mm m_____ mm____ m_______ mm m_____________mm_
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a More powerful, yet smaller magnets

0 Smaller, more versatile and more reliable electronic components and composites

•Electro-optical sensing devices of remarkably advanced capability

9 Controlled use of coherent radiation (as in lasers) for the transmission of energy
and intelligence

* Controlled crystal growth capability

1. Theory of Solids

a. Areas of particular and continuing interest concern imperfections in solids and
the existence of and transitions to ordered states.

2. Synthesis, Growtih, and Structural Characterization of Solids

a. Crystal Growth and Characterization of Eiectrom •retio Materials

Goals of research in this field include:

(1) A better understanding of the variables and parameters that influence the
nucleation, growth, and chemical and structural perfection oi single crystals of electro-
magnetic matertais

(2) Characterization techniques such as X-ray, neutron, and electron diffrac-tion for the precise determination of the electronic properties of these materials

(3) New purification techniques for the preparation of purer semiconductor,
optical, and magnetic materials

(4) Advances in analytic techniqueE for the determination of purity, structure,
and electromagnetic character of these materials

3. Mechanical and Thermal Phenomena in Solids

a.

b.

c.

4. Electronic2 Magnetic,_andOptical Phenomena in Solids

a. Solid State Laser Materials

A major objective of R&D in this area is to improve both spatial and temporal
coherence of high average power. Specifically, objectives include:

(1) Attainment of iaser system effectiveness of 5% to 10"(, efficiency

(2) Investigation of ions which have particularly attractive fluores-ence wave-
lengths (as terbium, erbium, and holmium)

(3) Study of multiple doping for purposes of sensLtized fluorescence and radia-
tive relegation to metastables of interest

(4) Theoretical assessment of the potontial of actinide iuns particularly from
the viewpoint of efficiency, practicality, and economy
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5. Interaction and Radiation Effects in Solids

a. Radiation Effects on Electronic Device Materials

Techniques are developed for minimizing deleterious effects on device mate-
rials to obtain the knowledge necessary to predict accurately these effects and to identify
promising new materials. The object is to provide electromagnetic device materials with
improved radiation tolerance and to predict accurately changes in critical properties.

6. Applied Coals

a. The applied results of solid state physics research and development will lead
to or produce techniques, electron devices, and early circuit design concepts that will
support Naval Exploratory Development Goals in the areas of

1.1 Material' Technology
1.4 Acoustics
1.5 Electromagnetics

and functional goals in the areas of

2.0 Surveillance and Target Acquisition
3.0 Communications
4.0 Navigation
5.0 Power Technology
6.0 Weapons Technology
7.0 Vehicles/Installations
8.0 Countermeasures

10.0 Space Technology

B. PRESENT STATUS

[Section A. BACKGROUND divided Solid State Physics into five principal subdisci-
plines to establish some degree of order in describing the scope and content of tWe field.
The following sections do not repeat this order, although such a procedure may be found
to be desirable in the final forecasts. Instead, this first effort is an attempt to identify
only significant items. Some items may not be well chosen. They should, however, illus-
trate an int,•it to limit content to items o1 particular scientific interest or Navy rele-
vance. They are obviously incomolete.

1. Basic Studies of Particular Promise

a. m__purities and Imperfections

(1) Electronic excitations due to shallow charged substitutional impurities in

semiconductors

(2) Deep impurities in a semiconductor

b. Transitional and Ordered States

(1) Diffusion of interstitial atoms and vacancies

(2) The nature of surfaces and the complex processes that take place in these

(3) In the area of ordered phases and phase tranbitions, problems of ferro-
magnetism, ferroelcctricity, superconductivity, and structural changes such as melting
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(4) Little understood presently but of great potential importance is the transi-
tion to a disordered phase under particular conditions of temperature, pressure, mag-
netic field, etc.

c. Surface Phenomena

Understanding of surface phenomena will advance with controlled production of
crystals of desired characteristics, in controlled catalysis, and even in the investigation
of substrate effect in biological systems.

The role of crystal planes in interactions will be better understood and con-
trolted with improved methods of obtaining clear. surfaces.

d. Phase Transition

An increase of future efforts in this area may be expected, The principal
barrier is capability of observation on a microstructure scale. This difficulty is on-
likely to be completely overcome within the next 20 years.

2. Present Status of Selected Solid State Device Research Results

a. VHF Silicon Transistors (Operated as Class C common emitter amplifiers)

SPower Output Power Gain Efficiency
(Me) (watts) (db)

1 100 12 1 70
10 100 10 65

100 70 8 65
500 20 5 30

1000 2 5 15

2000 0.75 7 10

Noise figure of small signal transistors for receiver use in the 100 to 500 megacycles
range is in the order of 2.5 to 4.5 db and about 8 db at one gigacycle.

b. Digital Integrated Circuits

The 1966 state-of-art fur digital integrated circuits is displayed i Fiýg. 4.2a.
Evolution and projection of component density, reliability, and cost are souwn in Fir.
4.2b.

c. Lasers

(1) Gaseous lasers

Gas Power Wavelength Tube Sizt

HeNe 100 milliwatts 6328 Angstroms 1 meter
HeXe 3 milliwatts 3.5 microns 1 meter
Argon 5 watts Blue-Green 1 meter
Co-N 2  16 watts 10.6 microns 2 meter (4 ef.)

(2) Semiconductor Lasers

Groups I1-VI, III-V, and IV- VI compounds have demonstrated laser action.
Output wavelengths range from 0.67 micron in GaAsP to 8.5 microns in PbSv. Ten watts
CW power has been demonstrated it 30 K and 100 watts pulsed power at room tempera-
ture. Pressure tuniln capability has b.een demonstrated with PbSe from 7 to 10 microns.
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EXTREMES IN FEASIBILITY DEMONSTRA'ION TO DATE

1000

6''

SI

z

7'
I

0
;_- 10

0.1 1.0 10 100

POWER DISSIPATION-MI LLIWATTS

Code- R - Resistor C - Copacitor D - Diode T n Tronslistor L Logic

SOURCE: DDR&E Advisory Group on Electron Devices, 14 April 19L;

Figure 4.2a- State-of-Art Digital Integrated Circuits

C. FORECAST

1. New Materials

a. Superconductivity Materials

The study of alternative mechanisms for superconductivity may result in new
materials highly useful at low temperatures.

b. Materials for Special Devices

Present state-of-art material developments have produced the transistor, the
silicon controlled rectifier, the junction light emitter, the acoustic amplifier, Gunn effect
generators, and bulk limiters. New materials of equally exciting application in sensors
and electronic control can be anticipated.

c. Cryjstal Growth and Characterization of Electromagnetic Materials

The knowledge of detailed arrangements of magnetic dopants, rare earth

garnet structure materials, and single and double dopants in host lattice is leading
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SOUR~CE: "Technologscatl Forecasting." Array Research Ottice

Figure 4.3. Electronic Amplifica.ions as a Function of Time ansd Technique

transler with the modulation of sources, and as low noise amplifiers. Lasers tunable
(Fig. 4.4) over a limited frequency range will be ava'!able. This availability at optical
and longer wavelengths should provide impetus for spectroscopy.

b. The ultimate in miniaturization is direct use of individual molecules as elec-
tronic circuit elenments, or for infor mat ion storage. While this ultimate is not predicta-
bly feasible, there is tremendous room for advance.

c. S uperconducting m~acrets with fields up to 70,000 gauss have recently been de-
veloped. New materials wilth higher critical magnetic fields will be found making still
stronger magnets available (Fig. 4.5).

D W

1960 65 70 75 95 70 '75 '80

Fisgure 4.4. CEjherornt Figure 4.. Supercond cting
Radiathh n Tunathio ty Maonet Fiersd Strengsth
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d. Neutral particle beams will be developed within the next 20 years with result-
ant clearer understanding of the chemical kinetics of surfaces.

e. Control of phase transitions on the microscale will lead to new materials of
exciting utility. Ability to store information, for example, may be increased by a factor
of 106.

f. Investigation of materials at extremely high pressures (possibly up to 10" at-
mospheres) will give new insights into the constitution of matter and possibly new forms
of matter.

g. Ultra-high vacuum (10.1- torr) will give new meaning to "clean" surfaces,
making it possible to produce a more completely predetermined interaction.

h. Low temperature capability. Although temperatures as low as 0.1'K are now
available in small volumes, advances in technique in the next 20 years will allow us to
reach temperatures of 0.00001'K as shown in Fig. 4.6. With this capability, currently
unpredictable properties of materials due to phase transitions will be better understood.

i. Crystal growth and charac-
terization. The growth of single crys-

0 tals of higher purity and perfection lies
in a better understanding of the ther-

o0.0001o modynamic properties and a detailed
S0.001 phase-diagram of electronic materials.
1 Relevant are investigations of thermal
S0.01 fusion, dissociation and recombination

0.1~ of polyatomic gas, and ultrahigh
Z Z _ , •pressure-temperature. Improvements

1965 '70 '75 '80 '85 in electrokinetic methods such as
electrolysis, electrophoresis, and

F',•urn. 4.1. Lum-Temperature Capab:hty electro-osmosis may meet the de-
mands for increased purity. Void type
zoning techniques may be made into a
continuous system for the synthesis of
high purity materials.

Sj. Radiation effects. The pos-
16 sibility of minimizing radiation effects

S~caused by atomic displacements in silt-
,-- con and related device materials by

t8 doping with suitable elements appears
promising. Improved accuracy and

S4 control can be expected by continued
9 7 85 study of displacement mechanisms and

1965 '75 '85 defect structures. The ultimate attain-
able in radiation-hardened materials

,'iitrc 4.7. (wtA•,ret R,,dli,&t , cannot be reasonably estimated in the
(: W P,..,.r (.Argon hln L,,swr) absence of more complete theoretical

and experimental data; however, sig-
nificant improvement can be expected.

System hardening will be achieved mainly through improvements in materials, device
structures, geometry, and selection.

k. Gaseous lasers. For exampile, the argont ion laser can be expected within 5- 10
yeatrs to pro(hItc' 20 wattsf in a multispectral line using a 1-meter tube-length source
(Fig. 4.7).
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PART 11 - TECHNOLOGICAL CAPABILITIES

Section 1. INTRlODUCTION

A terhiitogical fore~cast in Technological Capabilities constitutes part of the rest-arch and
dccc iopntýent maniaýemnent proitrani whic'h relates the individual task in iExploratory Develop-

it tit to the operational perfornmance mu which it is dirk-cted. Sim t: Exploratory' Dievvlounient is
not a (onil itment to a systernl concept hill rather an attempt to provide technical data on which
to base trade-oft analvsis prior to Frngineerving Developmnent, the span over which parameters
should be varied during experimentation is potentuallv large. The technological forecast can
ass~ist in ealjhnthe scientific technological base on which Goats for Exploratory Develop-
rient cani ne developed. consistent with projected threat, strateigy, and tactics conisiderations.

When mourte than one function contributes to an end-itemn development, a reasonable fore-

c ast c-an be em-ployed to determine the relative burden on the itrojected state-of-the-art in each
countributing area.* A izooýd forecast can also be used to identify technological areas particularly
senlsitive to development efforts. A moderate improvement in somec technical areas could have
a higlh impaxct en o)perational success, wvhereas :a larrge technical igain in other areas mnay nut
iiiprove an op~erational capzcoilitv. Tnus, to)recastintz should have a significant influence Onl

A techinologicall forecasting programi provides the Navy's technical communilt lthe oppor-
toimiy toi lead in the developutn~rt of new capabilities for the operating forces. The forec:ast by

lUtii unsticited U-Chni all capabilities can influence changes in strategies anrd tactics and
can promoltte dcxc opmcnt of innovative op,,rat ional techiniques or stated ope rat iona t requirements.-

A tut ionologilcal fort east %% ill issist in sl)ec ifving parameter,; for hyptoratorv Development
Gioai:s ntmntanc-s in whichl trade-offsbetacmen funcitional capabilities exist, or ini which the ef-

IL't u clvi'oni~ili vaiaion unopratona cpablit nuslbeconsidered.

A cud th ooia i furecast w-ill idenitify areas in, which cornponent deve-iopment S are
'' ooat ibie or au1qJ1t len one anoth cr. Tiin ftnrteýast prov ides a merans for direct conimunication

11110n1C wýorkers, inl ttte, more ten hnlo.ilgicallv, oriented and funictionall~y oriented se-otors of explo-
ratory % ,l such tNat the, resuits of the work in. the formier may scrvet di revctty as in-

puts int, the latte-r.

Thll ohItie, of till %,I,'..s E spioratorv Dev-tlopienot tprogranm is to ('0omribute to the solu-
vo!n " spe ifi0c tiilitiirv pruhICenIS and 'Ao respondi it otce t and field operational needv~s. The

Chit of if Naval Opt ralt n 's and (ici Corniniadrlao of the( Mar ine C'orps establish requirements
which e-\prts the di sres , ot- an opcrat~onat capmilwit to1 carr% out planned missions and

whhState ii'(. n-ril lti h will he uised it, evaluatin.g thu produce-r-s resp~onse and whielt include
&'ilSidi trxitioi of (it. si rainit t r,. and econioiics, involvýed. Goals for Technology inl Ex-

p V-xýr Pt-vt-Oiiiin-nt U-FDGC 5 art-i (uariitittive Goials for F:sploratory Developmeiýnt wAhich,. f
in' I. %, oild pt-x udt- thec it-k;l~cia' no ots toý satisfy opt-cationjit rvquirenwunts for fultiur weapons

r ~and supp. ri s-.stems. Thu% arti ased it thIe General Operationawl Iioquircnicnts. l. ong-Range
atid M:d- (1,tgeplunLt urn ato ns, and, a t~redo-ited itireat Theseý quantitativ e oal)Js dot not
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produces, the ba.stit t- cssiarv to I vh n.: rati ri-kj~iri- nT~ iiTS kimipli mu inti cwtati,;. uzisi r
standing. anRIdis )Icao %U liehi-eat 1 !is %onwd tink r -~spunibiiteI :Ilk, fiiT-i,"SOt.

b. D 1i n I n gen vralI r'q u I , v151 i(to III I sitnd or cc -(eId til I oitii' - hct ofi1 u hi I-re'--
cast period.

c.Establishing U.S. tehiŽiaIcapial lities projecited to the focotperiod and speci-
fyint! in general the time- phasing and Steps of proe-ression to reach tit lined to i~estoncs.

d. Identifyin g the vital tec hnologi cal p-iratimetuer s and pe riot r izian level a ill ( a Ii 111p

nent ox concept area-. deternilning the level of technolocs.. that will. he required in these paraeni-
eters fcr each projected operational capability, and the confide-nue with which it is1 e'Xpected
that theEse lvlwill be reached with prograntroed fundinu and at ucce lerated fuiidiin0 li-isis:
identifying anyv paranmeters in xkhich there are serious gaps between the required and pro-
grammed levels of capability.

P. Ouilining a matrix for technrology/ capabilitY which can be refined and used as a base
for defining possible systems after general requiremients for the enenv di reat art. defined.

f. Exatin-ming the extent of interdependence of tQe . riouIS techn11(ical d~scipline s and as-
sessing t!.-~ manner in which advances iii one techtnical area will affect the, advances needed bv
and capable of achievement in one or more related technical areas.

g. identifyintg critical technologies, including promising ttchnoloIg% of intuitivej lv lti h pay-
offs not directly responsive to the threat, and resource levels reqluired to support them,
technologies.

h . Identifying advanced technologies which will enlhance, c:'lpahilitv and e cfiet i~v ii-s in foill-
filling mission capabilities.

i. Defining ihe impact of li mitsa andt rest riction inipist-i to, pihr ,nv1iiiiiI

PROCEDURE

Each preparer of a forecast should undertake- an mtvtnsiye rev ow ot hisl teL finial t it d. in
terms of an outline of expected advances tii eat-l tectunical a red with emiphasis (uart-as, of sapt--

cial technical promise in the forecast period. Whecrever possible .ani- umvatile ti-llliniciI als
over the period should he identified bv ptarameitric 1peýrforititaitr limitsz. Th, priiieitioti Should
be nmade with and without consideration of known aiid fore(iaztabll const~traints. Proetr( ss ais-
sunuing "level' and accelerated fundfini. to achieve these ICod Is Ihould Ilk inc luded. A zliccelss-
ful forecasting effort require-s i-ne'at ic anialysis of iiýui ulutully prkck itd aund oci-t nricallv t&-.isl
ble goals. The analysis cati be integrated inuto mnission- and svstc ni -orctuttite capabilitivs. This,

analysis must fbe based on an unesani- ofUS. plicyv and itilitary c onside rations and ad-
vances ini technolmov. Each forecast, on one- hand, should tbe ri-ai-sic c1S% to titi-' threait and '111
other promising technologv whic h coU~ld trantscentd anid pr(-cedt futoni i ITI not threats, m.ii on
the otthir hand, should id(ntifv tehittical support fat Ilit~it it, 01pot h rliuu (inI-

poýrant.

Seecltti 2. ('MEGO0tlES

Ajiji-miic B3 p i, l o i, , itji r- i- d I. liividua :. i 1 h Ii''.

up Part HI of the Na%- Tet hnIiilit al Fork,( i~t. Titl- L~t-ori %kii ' win -hi al-;v a1 :uT~ioli ol



A! t !-;,1i :f s1 r it .. ,-zrT! (r ''u-' itsh, -461i , ici!ar t T-r ti. n i L 0IObi .i~e k-, . U-
tior[ts, prk P.-rl -' ;,V itit lb st a rt h Andl ri n-tt 1'ýLM b. ision A.ý Ar Foirce Svst(--nis Conniand.

Appe-ndix B3 groiups ith indi, idual ,ic-tint t ;icco rdn Ito tm. thrulovg or tunt-tioti in a mant
tier very i.nOltar to that use-d in the- N AV MAT Informal Smutiv. -Exploratory [Deve-lopment Re-

qotnrrr fnits (Fiv-,ntnsi- Thc itsting, midclds cross- rcfcrcic-ing to thec Exploratory e tp
Utnt Requirem-ients and Exploratory Devclopnient Elemnents, wherever available.

The heh gete;~lsted ;;nýdcr Secuiin I of Appcndix B11 are ir C'e moinaking
available the technical knouilodge required to effective-ly develop future componen~ts or systems
to) stihsfy nlaval needs.ý Ge'nerally, the -work will not be directly associated with its application.
but rather, will be directed toward the advancement of the technological state-of- the-art. The
functional elemients. on thy other hand, are directed to the devulonpme7.t or improvement of a
conmponenit or subsystenm for operational usce. In this area, the feasibility of the end objective
is, not evident at the onset of the work and the specific application necessitates a multidi-sciplr-
naryV use Of knowled~ge front More than one tecthnological element. Descriptions of several
taxptoraturv dcvelopnienti elements are igiven in Appendix A.

Section 3. FORMAT

Each teclIniological capabilities forecast will be organized according to a standard lormat
foir purposes Of esttmblishin a uniform naethod of presentation. Each preparer will. of neces-
stvt, exert isu free-dom in his p~resentation (~if the contents of his forecast because of the large
variations in approach from Otte tet hnologvcal area to another.

CONTE'NTS OF FORECAST

Each telnlpclcapaibilities forecast shall iniclude, when applicable, one or miore of the
followingý elements':

-Bt kmlýcmoind
1). Prci-t-litt 5tatu~i
( . Fort iast oif Fot are State-of-tic- Art
d. Operational Int)ipitations

,.Assotiated R&-D Organizations
f. fit fer-1nt1es

F teotents (at. (ht . and (d niake up the essential parts of the fore-cast: e lenient (d) consti-
ttitsi the s(tt-itviit's or tecthnologist's appraisal of the Exploratory Development arela in terms,

tOI)]#'t tlng foresm-ealile naval ceqoireintnts anid objectives. E lentents We and (f) are intended to
-:1%4 tto rvide-r re-ferenut-c at nait for oore detailed study of the area covee yte oeat

13ACKGIIOCND

This Section outliimes the results of rec-ent, current. and anticipated applied research in the
spuc 'ftc Explotratom'v Dt-velopnivict area in ternis of its relevance toi meeting future naval re-
qo reinents. The Otbjective tif the research is definied and the relatitonshiip of the work in this
area Ito that in other Exploratory Duceloniment areas, On which its surccss depends at least in
paint or to A hoi-;m succcss it contributes, is delinieated.

PRESENT STATUS

The, current state- of-hti- art in aptplied re-search is briefly desc ribed. with emphasis Ott
pem-ti-icrt promblemn arias in teit is mif relevanice ho stattid and anticipated Naval requirentents.
'it ioilit liltdir-o . L4.- -Li~tt-of-thte-ai nitaY be sut~innArizv iii a quantitative anaiysis of thie



i,rends nt 't3; r~. al.z~ t riii, ai'~ 11! iý rv.s'ar; n -net to( 1-!pru t wii.c r

FORECAST OF FUTURE STATE- OF- THF- ART

A ticchnical forecast describe,, knowledge.r capabilities, and equipments which srcince, and
technoloity can be expected to produce over the specific-d mimne frame. if F-upported b%,' o;rderly
nromgra ns of res,,arch and developiment. Since the foriecast is not a p~:mn. it is not to 1)e identi-
fied as a coinmiitmcneFt to a given development or material.

Wherever possible. each technological forecast will be a quantitative projection of a pa-
rameter which is critical to the research and development under consideration. Sevei al pa-
rameters will be involved in the forecast, but normallv, only one is functionally independent. It
is desired that the forecast include a projection of the growth trend of this paraineter during
the forecast period, descriptions of the interrelatiosiships, of other significant charactcristic's
with the critical parameter, and the influence of constraints (e.g., weight, space limitations.
need for cryogenic cooling. etc.).

Examples of how to present parameter trends art, included in Section 4. Chapter 3.

Whenever the forecast involves alternative approaches, the advantages and dsdatae
of each should be spelled out in quantitative terniF.

When it is calculable, the influence of naval level of 50. )ort onf ant icipiated progress shonuld
be specified explicitly, as well as an expression of the level of confidence which is applicable
to the forecast.

Tabular presentations of relevant data, when eniploynd. should he room-ise.

OPERATIONAL IMPLICATIONS

Operational capabilities and changes in operational tactics which are achie-vable togi-ther
with forecasted developments in the area under considerati.on are identified. Reqtirircmeots 00l

technology stemnming from paps in the technical support of the operational state-of-the-ar't art-
also identified.

Potential high pay-oft areas in terms of foreseeable naval nmissions arc ideintified for
which finantcial supplort will lean to greater potential c.ain or to an earlier imiprývvd 310t ramtional
capability.

Lou pav-oft arc-as arc, called out and assessed in terms of:

a. Hirh risk versus liniited potential gain

1). R i-mote rei-et ante to anti( ipatted naval i-cquircemnts

c. IDiniinishingý re-turns in view of appiroaching Staite-uf-l61- oit iliolts and Uil0113 predi-iltbiht.
dead-e-nds.

ASSOCIATI-Dl R&D ORGANIZATIONS

Pm runti ul na Al R&D urmýammizatimims assoctiated An~ith spmmtifmic Exjmluratiuiv Duvi- lolammumijt areta

should N' ltstm-d.

RLF: FLRNCEIS

.ll.! . . . . 3 .ic 3.at .ai l" 1'.ud
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Nuiie.

TECHNOLOGICAL CAPABILITIES

Section 1.1 - m.ATERIALS TECHNOLOGY*
1.1.1 Metallic Materials*

Aluminum

A. BACKGROUND

High-performance aerospace vehicles have placed quite severe design requirements
(strength-weight ratio, ductility, temperature resistance, etc.) on the materials used in
their construction. One material which has been capable of meeting most of these re-
quirements is aluminum and its alloys.

B. PRESENT STATUS

The wrought Al-Mg-Zn alloys exhibit the highest strengths available in aluminum
alloys at roonm temperature. Research efforts on these alloys have been concentrated on
improving strength retention at elevated temiperatures, ability to be heat treated in heavy
sections. corrosion and stress corrosion resistance, and weldability.

C. FORECAST

The long-range outlook for improvement in aluminumn alloys is not particularlv en-
couraging. Some gains will be made in improving stress and intergranular corrosion
resistance with moderatt improvementis in strength, heat resistance, and welding char-
acteristics (Fig. 5.4). There is little likelihood that sh irt-term heat resistance beyond
700 F will be achieved. The use of large castings will decline o-wing to the relative high
cost of manufacture compared to the fabrication of large welded parts.

D. OPER~ATIONAL IMPLICATIONS

Aluminum will continue to be the U Lisc mnaterial for subsorac aircraft constrcto
and for the interior strtiw:tre of transonic a~id supersonic vehicles. Sor~e further usage
in underwater ordnance and submarine vehicles can be anticipated.

Nulitir c d-sic~inaiijns art, iIefinedi in Appcrndix 13.
I____________ L__________
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A. BACKGRC)UND

Larj'e increases in inissile and aircral't capabilities %%oulo oix rvalzc.d ifthe strut-
tural materials could be i-educed in weiahzh. iResearcti iiiinanud il;, n:,Vqs i'S
being piuruted it inee- this goal oW iiprov-0 and lower weigTht st1ructural inath rials.

B. PRESENT STATUS

Te deig stre-ss values fo magnesinm alloys at room itemperature are 'low. Hlmit-
ing use of the material to situations in which stren:ýth wseight raitio is the- nina tr tinsd
e ration and stiffness is not ai factor. Performantce a't 1loW tWýll-nlvAtureS IS noL (utstand-
ing. At elevated temperatures, reasonably good properracs ay 600 -?00 F arc, exhibited

Iby the Mg-Th-Zr alloys which have excellent weldabilitv.

C. FOR-CAST

It is anticipated that by 1985 the properties if Me-Th-Zr alloys at 600 -706 F will
have been improved substantially. Because of their low densitt and high heat conductiv-
ithy there pobulably will be a gradually increasing use o1 these materials for inoderatelv
sressed aircraft and missile structures. While there wimll be somie inpoem sinl the

properties of protective coatings, susceptibility to corrosion w ill cointinue it) bc, a princi-
pai deterrent to wider structural use of mnav'nesiurn alloys in militarv equipmnent.

D. OPERATIONAL 1IMPLICATIONS

Mansuin t lly ilcniu is fin useinopratioa equipn~ent becau'-e

E. ASSOCIATED R&D ORGANIZATIONS

NAEC. Philadelphia, Pennsvlvania
NASL. Broo)klyn. New York
NRL. Washinco~n. D. C.
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*LomK iian4t- F.,r ai.st for Mate nials ." Draft Rrport Af Nal.-N Advisorv CI'n v1 i
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Ocean Vehicles and Fi~xed Mottomn Installationls.' Edite d t3y, W. S. Pt-lliimtBit i-iiko Rt -
port ,Undersea m'&eehnologv Panmel, Proiert ISEA3EM) . NRL. Repourt 6167. 1o~t 196tt4.
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A. 1BAC(;c.,PL.Nr)

A major !actor in the evolution of today's highly elficit~nt jet engines. aircraft, and
missilvs has been the developmient of Li series of high- temperature- resistant, high-
strength altys with gooAt falritia~ir'iipprte Sjimilar blit rauivr-- ui
the next 20 years will be mnarked bi longtr life stress.-high-temperature conditions,
coupled with the developmient ol new mianufacturing processes will help insure the devel-
opment of e"Ven more efficient engines, aircraft, and imssiles. In the cool end of the iet

ngines, tot example. the low-density beryllium alloys offer the greatest promise for
achie~vingý improvements in operating_ effic'ienicy.

B3. PRESENT STATUS

Beryllium appears highly attractive for structural applications because of its very
low densitv (1'4 that of steel, 2 '5 that of titanium), high modulus Af elasticity (5017 highe'r
than steel, 300%0 higher than titaium), good thermnal conductivity, and high Melting poilnt.
On a mnodulus 'dens~ty basis, no metal approaches the potential of beryllium. Principal
deterrents to its use are the inherent brittleness of the materials, its toxicity, and its
verv high cost. The -av is concentrating a major research study on the brittleness
problem. It is expected that costs will, decline as new alloys are developed and put to
use and that the material will become competitive for a number of applications.

C. FORECAST

The- long-range outlook for 'he improvement of beryllium is optimistic (Fig. 5.5).
Although still in its inlancy. the development of beryllium as a truly useful engineering
material with high sirengtb and usable ductility is well on its way as a result of recent

and current research. Further improvement appears certain, which will include at least
the dev elopment of a material with uniiormly reliable mechanical properties at a re Ia-
tii.elv low te nsile strength level. A matcrial with twice the strength of present-day corn-
metrcial grade bervllium (eg.160.000 psi compared to 80,000 psi) and improved ductil-
itv appears ivasible. Such a material would be superior on a strength 'density basis to
all fabricable strutctural materiails at temperatures ito 800 F.

D~. OPERATIONAL IMPLICATIONS

B(,rylliumi has promise as ant improved material for potential application in let
engine compressor blades. stator vanes, compressor discs, amd other jet engine parts,
airframe structures, and space ve-hicles. Consideration of berylium will be particularly
favored for applications in which stiffness is a primary load determintng factor.

E. ASSOCIATED R&-D ORGANIZATIONS

NAE, hiladelphia, Pennsylvania
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"Lonv. Rantce Forecast for Maturials.- Draft Report of NACNI Sub-Comimittee on
Maltrials ClaSSif1Cai!Un, October 1964.
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Titanium

A. BACKGROUND

Titanivit tlluos are altraL tlve 1114terials for use in btmh the air and sea environ-
nn.Foi- thu air envirotiment . thev art: alttractive because of the-ir highi melt in,' lte,-.

peraturt andi eteiitol sriil- owt ratio over a range of temperatures from about
-80 F tU opa ard of 1000 F. For Pthe sea enivironmnitt and partito larlv for submarine
hu'-. the,. art, altrattlie due- tu thi- atN've properlics and ailso becaust theyv art, nion-
niagnet i( . torro~sion rt usitaw. and have a high moduIl'S

B. P1kISENr STATUS

R..~. tii tvt Adals! hav beenl conceto d prjjItIAIplli A:Ih ut~lzhhshinig productmio ind
fatirotitoi tit-hniqute I 'r alloys dtii 'lope~d In the. 111d- .,nd latt- 1950's.
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The n t rPm att, a.ii par tal.), explored. iweteen 1965 anl 1985.

tor a Icrvafx and missies., as s',own 41 Fig. 5.6. It is ,mticipated that some of these at-
y wilt he Sultaie for r -term ,s-c inu the 1200 - 1800 F rar gc-.
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Fiture 5.7 pres-nts ustimated probable gains that will be made up to 1980 in mc-
chajika' propert is for titanium alloy s.•heet and plate. Estimates of the growth that can
bhi expeict'ed to taket place i, thu titanium metals industry by 1980. including cost trends,
Irt shown in Fig. 5.8.

Fljý,,,re 5.10, in the section on steel, shows the gains to be expected in various mate-
rials 6), 1970 for use in submarine hulls. The iolid black line at the 1.0M ratio estab-
hshes a huni-ierni soniewhat optilSttic lirmit. tbased on the use of Ti- 160. for the fabri-
cation of laro.- underwater structures with a high degree of fracture safety. This is

ionsidert-d the ultiriatC il L)),i,-Lun for designs based on estallished structurai concepts
for duitile Inatt-rials.

D. OPERATIONAL I.MPLICArIONS

per,ational ('apabi.ltii's will be greatly improved as titanium alloys are discovered

and the fahriaiaton ):oblhi.s art resolved. Such improements will be seen in higher
v[ ~ ~ ~ ~ ~ ~ u ...... !,iv.,, ,,...• . ,, ini'rc-scd ..... l -"n~pcr.-,;;rc rangec an-'• lnnprc•-•,do.• -

ating efficiencv for jet t•,,iies. Deeper operating submarines will become possible but
this(- Ail[ intre(ase the ASWA problem by enlarging the .arch volume.
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Figure 5.8. Titanium Metal Development



S.AMPLE FORECAST ~
E ASOITDRDORGANIZATIONS7

NRL. Washington, 1). C,
DT%113. Carderoek. Maryland
MEL, Annapolis, Maryland
NASL, Brooklyn. New York
NCE L, Port HLucnemeC Caliornia
NAEC. Philadielphia. Punnsvlvania
NOL~ (WO), Silver 2~rn~.Marvland

F. REFERENCES

".Long Range Forecast for Materials,** Draft Report of NACM Sub-Committee on
Materials Classification. October 1964.

"Status and Projections of Developmaents in Hull Structural Materials for Deep
Ocean Vehicles and Fixed Bottom Instal lat ions." Edited by W. S. Pellini (Back-up Re-

port, Undersea Technology Panel, Project SEABED), NRL Report 6167, November 1964.

Steel

A. BACKGROUND

Steel in one form or another has been the primary material used by the military.
Quenched and tempered steels have been produced in large tonnage quantities for mili-
tary applications as plate and forgings: these have included WW2 armor plate ranging
from 3 to 16 inches in thickness and submarine hull steels (HY-80) of 2 to 3 inches in
thickness- In addition, a wide varietv of industrial plate (of lower alloy contents than
liY-80) has been produced since the middle 50's for welded fabrication at strength levels
of 100 to 115 thousand psi. High-strength forgings fsuch as aircraft landing gears) have
been produced in large quantit'ies in the past 20 years at strength levels in the 180 and
230 thousand psi range and more recently in the 230 to 260 thousand psi range.

B. PRESENT STATUS

Ultra- high- strengt h wrought structural steels are one of tht, most widely used sys-
tems of alloys and are extensiVely used in the range to 1200 F. These and the more
corrosion and oxidation resistant "stainless' steels offer excI"'lent p~romise for major
strength-to-density g!ains between now and 1985. For exampllle. in the ultra-high- strength
field, experimental steels have been produced by ausforntin1 g and st rain aging which de-
velop yield strengths of 500.000 psi with measurable dut'tilities.

C. FORECAST

By 1980 it is expected that heat-treated steels with at least 335.000 psi yield
strength will be available on a production basis. Beyond this. specialists foresee the
development of steels which will attain yield strengths of 430.000 psi at 600 F Ane.
325.000 psi at 1000 'F. Estimates of the advanced design requirenients and futurt- ut iiads
in mechanical properties of ultra- high -strength steels are, shown in Fig. 5.9.
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Figure 5.9. Low and Medium Alloy, Ultra-High-Strength Steels

Steel wire with a guaranteed strength level of 575,000 psi is now available commer-
cially. The development of wire with strength levels approaching 1,000,000 psi appears
likely by 1985.

The high-strength potential of steel will also be exploited in the development of
ultra-fine wire or "whiskers." Here the problem will be to orient and combine these

whiskers in sufficient number and in a manner which will enable the development of their
known high strengths, or conversely, to design the sizes, constituents, and ohases of the
microstructure to whisker size. Substantial gains in achieving these goals are expected
by 1980.

Notwithstanding prospective strength gains, the high density of stainless alloys will
tend to confine heir use to applications in which stiffness as a load determinate is
secondary.

The use of HY- 150 steel is projected to about 1970 to meet current requireme-Its for

large hull structures. Thereafter, the nredictions for other materials that might be used
and the effective strengths that probably can be utilized are shown in Fig. 5.10 simply as
an "envelope of research opportunity.' The order in which the materials appear does
not necessarily indicate their relative importance in the design of various vehicles, or

the order in which they should or will be exploited, or the effort to be expended on ca Ii.

The solid black line at the 1.0 yield strength to density ratio establishes a long term
somewhat optimistic limit, based on the use of Ti- 160, for the fabrication of large
underwater Ftructures with a high degree of fracture safety. This is considered the ulti-
mate projection for designs based on established structural concepts for ductilh mate-
rials. For shorter periods, designs will be based, of necessity, upon the use of more

conventional HY-180 steel and Ti-120 materials, with yield strength 'density ratios of 0.6
and 0.8. respectively. The figure notes that below the dividing line the problems are
primarily metallurgical, with welding a factor of major concern. Above this line. a new
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base of structural design concepts must be evolved if the orthotropic and non-ductile
materials are to be used successfully.

It is not likely within the next ten years that there will be sufficient time to develop
adequate fabrication and design techniques for fracture-sensitive materials for large
underwater vchich's.

D. OPERATIONAL IMPLICATIONS

The improvements discussed in the preceding section will provide the Navy with new
steels for use in various hardware applications. Such applications would include deeper
diving combatant submarines, small research submarines, and rescue submarines.
These latter could make possible the use of the ocean floor for such purposes as com-
mercial mining, It)ttom sonar stations, and bottomn missile sites.
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CHAPTER 6

PART III - PROBABLE SYSTEMS OPTIONS

Section 1. IN4TRODUCTION

The Technological Capabilities Forecast pro% ides a compendium of anticipated advances
and capabilities in technulogy which can be used as "'building blocks" in conceiving systems
which wtuitd pnhanrce the performance of the fleet. These system concepts or suggested tech-
nically feasible solutions to projected naval needs provide a valuable "look into the future" for
the planner of potential systems as well as to management personnel who must support the as-
sociated development programs.

Current policy as promulgated by Department of Defense Directive 3200.9, under the title,
"Project Definition Phase" (PDP), requires that certain requirements must be meF before the
development of a system is initiated. It is applicable to that phase of development in which
major commitments of research and development or production money are made with serious
consequences obtaining if subsequent changes or cancellations are made. The policies ex-
pounded were designed to assure readiness for engineering development by exhibition of
achievable performance specifications, the accomplishment -f which would be done under Pre-
PDP. In July 1965. the Directive was re-issued under the name of "Contract Definition" re-
quiring a preliminary phase of "Concept Formulation."

As defined in DOD Directive 3200.9, Concept Formulation describes the activities preced-
ing a decision to carry out Engineering Development. These activities include accomplishment
of comprehensive system studies and experimental hardware efforts under Exploratory and
Advanced Development. and are prerequisil- to a decision to carry out Engineering Development.

Four fundamental steps associated with ':. cicision-making process are applicable to
Concept Forintuhatj nativamely: establishing the -.bjective or overall results which are sought,
identifying the altei native ways ot achieving the -ebjective, comparing these alternatives to es-
tablished criteria. and selecting the most suitable alternative.

Our nation's dynamic technology offers the fleet the prospect of new capabilities and op-
portunities to impose new threats on potential enemies. It is the purpose of Probable Systems
Options (Part 1II of the Navy Technological Forecast) to present such opportunities in terms o!
functions to be performed and overall capabilities which can be achieved. They would find
their place in the statement of Contract Formulation Objectives for major system develop-
ments. Part III would present candidate equipments for consideration in meeting current defi-
ciencies. in providing replacements for obsolescent systems and equipments, in identifying
threats likely to be imposed by potential enemies, and in outlining system parameters to coun-
ter such threats.

The Navy's Exploratory Development program is largely devoted to creating new technu-
logical opportunities. In Pait In, the forecastex shares the responsibility to insure timely ex-
ploitation of these opportunities. Part III assists the decision-maker by identifying and de-
scribing alternative approaches to meet a functional need. In the Concept Formulation process
these approaches may be compared from both a technical and cost effectiveness point of view,
on a level of examination necessary to establish an Advanced Development project, or to sup-
port a ,onditional approval for a major Eaigineering Development project.

It is emphasized that one cannot forecast the availability of a conceptual system prior to a
decision to support its development. One can, however, forecast the capabilit to develop the
system. Such capability can be predicted on the basis of the feasibility of technological ad-
vances forecasted under Technological Capabilities (Part II).

6-1
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The scope of the material forecasted in Part III should lie constrained to concepts which
have naval relevance and are supported by preliminary feasibility studies. These studies would
be parametric analyses of the several subsystems and components involved in the system con-
cept. A cost effectiveness analysis would not necessarily be made. The report describing the
proposee system and its technical and operational characteristics would be summarized for
inclusion in Part Ill of the Navy Technological Forecast.

Section 2. CATEGORIES

Table 6.1 presents the proposed listing of categories under which the individual forecasts
of Probable Systems Options (Part IIn) of the Navy Technological Forecast would be grouped.
The categorization would serve as an index to the volume of looseleaf entries which would have
to be updated at periodic intervals. Each forecast would be identified according to warfare
area and/or functional area as appropriate.

Table 6.1
Proposed Systems Categories

Warfare Areas

Strategic Warfare- Air, Surface. Undersea

Tactical (Strike) Warfare -Air, Surface, Undersea

Amphibious Warfare - Air, Surface

Anti-Submarine Warfare - Air, Suxface, Undersea

Fleet Defense- Air, Surface, Undersea

Space Applications

Functional Areas

Vehicle- Aircraft, Ships, Undersea Craft

Weaponry- Conventional Munitions, Guns. Torpedoes, Missiles, Mines, Special

Surveillance and Navigation - Radar, Navigational Equipment, Sonar Cameras, IR
Sensors

Communications, Commard and Control- Communication Equipment, Displays. Data
Links, Fire Control

Countermeasures - ECM, Minesweeping. Decoys. Degaussing

Personnel Support - Messing. Clothing, Medical Aspects, Training

Logistics - Packaging, Handling. Transport

Target Environment - Air, Surface, Undersea, Shore

To avoid unnecessary duplication, greater emphasis will be placed on major subsystem
and or systems in Part III, whereas foreseeable minor subsystems and.or components may
properly be included in Part II.



Section 3. FORMAT

Each forecast will be organized according to a standard format for purposes of establish-
ing a uniform method of presentation. The preparer will, of necessity, have to exercise free-
dom in his presentation of the contents of his forecast because of the large variations in ap-
proach from one technical area to another. It is suggested tht the following elements be
included, when applicable. for each entry,

A. New Capabilities

I. How technology is evolving to provide the new capabilities.

2. Limitations of existi.,g systems versus proposed capabilit'es.

3. Forecast of technological parameters upon which feasibility is based,

B. Technical Approach

1. Functional diagram.

2. Description of the functions, components, and technology.

C. Operational Effectiveness

1. Operational diagram.

2. Proposed doctrine for Navy utilization.

3. Alternate operational uses.

4. Quantitative functionai capabilities.

D. Critical Technolog.

1. List of technological gaps.

2. Degree and criticality of gaps.

E. References

Section 4. SAMPLE FORECAST

A sample forecast has been prepared, only to demonstrate the format outlined above. The
example is based on documentation (BUWEPS, RM 67-IA June 1965, Project SMEADO '67)
available to the Navy Technological Forecasting Study Group, but only for the purpose of dem-
onstrating format. It is to be noted that the example was prepared in 1961, it would represent
a forecast at that time, even though it is essentially state-of-the-art in terms of today's (1966)
technology.



CHAPTER 7

TECHNOLOGY NEEDS IOENTIFICATION STUDIES

Section 1. INTRODUCTION

To continue its role in maintaining the freedom of the seas, the Navy is constantly looking
to technology for improvements in its capability. A research and development program is
maintained to N-rther technological advan-e to assure this increased capability. Managers and
operational plarners are anxious to know what can be expected from the research and develop.
ment presently underway or anticipated The Navy Technological Forecast Is expected to pro-
vide ther with much of the desired inito mation.

The basic forecast discussed in Ioe previous chapters will show the expected improve-
ments in the Navy science (Scientific Opportunities) and technology (Technological Capabilities)
areas and the results of preliminary system analyses (Probable Systems Options). The Tech-
nology Needs Identification Studies are to be used when a comprehensive investigation of a par-
ticular technological area or mission area is desired.

The Technology Needs Identification Study (TENIS) approach as visualized in this report is
in reality a planning procedure. However, its results are very dependent on a good, detailed
technological forecast and in some cases the study results themselves may be considered a
forecast.

Technology Needs Identification Studies will vary in size depending on the type of study

being conducted. Most studies will probably be small and can utilize the method of operation
of the technical workshops. However, studies the size of Project SEABED or Project FORE-
CAST may be necessary.

A Technology Needs Identification Study addresses itself to the following five tasks:

I. Select the problem or objective

2. Conduct the forecast of technology

3. Determine the system or program alternatives

4. Analyze the alternatives

5. Select the system(s) and/or define the R&D program

These tasks are very similar to the stEps followed during the concept formulation phase of
the R&D cycle; therefore, these studies could find great utility in concept formulation.

Of the tasks stated above, the conduct of the forecast is by far the most important since all
study results are based upon it. The forecasts made in these studies are restricted to those
necessary to providc a solution to the problem under investigation. They are prepared prior to
the study as shown in Fig. 7.1 and are in much greater detail than the forecasts for the Scien-
tific Opportunities and Technological Capabilities Parts of the Navy Technological Forecast.
System alternatives for the Probabie Systems Options Part will also be prepared if the study
requires a system(s) solution. The forecasts will be prepared using methodologies similar to
those described in Chapter 3 and in a format compatible with the basic forecast. The forecasts
will use any forecasts which are available and should be in a form easily used by a system de-
signer or technology reference source.
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CHAPTER 8

IMPUMENTATION

Section I. RESPONSIDILITIES

PRIMARY RESPONSIBILITY

Navy R&D |aborato-ies. with assistance from academie organiations and Industrial cvn-
cerns via the laboratories' normal associations, should be assigned primary responsibility for
gathering the technicaol data and information needed to prepare the individual forecast Items for
Lhe overall NTF. The flow of inforimation is shown in Fig- 8.1.

CNO, CNK, PM, etc.

fAAT 031240,

S~NAVY TECHNICAL CC/XAMUNITY

(Laborotories, Comnanrd:s, ONR Bronchers, etc.)

NON-NAVY TECHNICAL COMMUNITY
iOthar Services, Vniversihtes, in~lustry, etc.)

F"gure 8.1. Navy Technolcgical Forecast Manigernent Responsibilities

SUPPORTING RESPONSIBILITY

Representatives oi the Chief of Naval Research and the Chief of Naval Development, as
shown in Fig. 8.2. should share the supporting responsibility for assigning areas of Navy tech-
nology to be forecast, managing and providing guidelines, and preparing the overall NTF. The
Cbief of Naval Research should be responsible for Part I and the Chief of Naval Development
for Parts II and III of the forecast.

8-1



8-2

(ASNN•&D)}
ASSI. SEC. OF THE NAiY (9&0)U- .- I

(C NRI iDCNP.'(D) C1N4D)
CHIEF OF NAVAL RESEARCH OjFNUIY CHiEF Or- NSVAL MAILRIAL

FOR DEVELOPMEN7
CHIEF OF NAVAL D)VELCPkAENT(ONR)

OFFICE OF N•AVAL RESEARCH I
LQ EVEYU4LLPMOf-4

OFFICE OF it E RESEARCH DIRECTOR -ADVANCED CONCEPTS BýANCM

SCIEN11FIC OPPORTUNIT
ITECHNOLOGICAL CAPABILITIES

[f!ýBAZLE SYSTEMAS OPTIONSJ

TECHNOLOGY NEEDS IDENTIFICATION
STUDIES _

Direct Responsibility

--- Coodnatic;A

Figure 8.2. Headquarters, Technological Forecasting Responsibiihtie

COORDINATING RESPONSIBILITY

The Chief of Naval Development should assume the coordinating responsibility for the
entire NTF as well as the final d-wumentation of the integrated product. A small group should
be designated the Technological Forecasting Group (TFG) and should have the responsibility
for coordinating the total effort under the primary direction of tne Chief of Naval Development.

The responsibilities of the primary, supporting, and coordinating activities should be as

follows:

The responsibilities of the Technological Forecasting Group (TFG) should be:

1. To recommend areas of R&D to be forecast by the Office of Naval Research. Naval Sys-
tems Commanos. Offices. Bureaus. and Laboratories.

2. To coordinate all efforts with ONR, Systems Commands. Offices. Bureaus, and Libora-
tories in order to generate the NTF.

3. To coordinate the NTF w.th the Marine Corps.

4. To collect, review, publish, distribute, and update the NTF.

5. To contact the Army and Air force forecast groups, as necessary.

The responsib-lities of the Chief of Naval Research. within his area, should Iv:

I. To update the forecast categories.

2. To delegate responsibility for forecasting to ap:ropriate persontal.



8-3

3. To select signiicant areas to be included in the forecast.

4. To review and coordinate forecast materials.

5. To coordinate Part I with the TFG.

The responsibilities of the Chief of Naval Develupment. within his area. should be:

I. To review and itintify significant eatecories to be (orecas:.

2. To delegate responsibility foL forecasting to appropriate organizations.

3. To review and coordinat- forecast m-ateriaI.

4. To coordinate Parts fI aad III with the TFG.

The responsibilities of the Systems Commands, Bureaus, Offices, and Laboratories should

be:

1. To identify significant categories to be forecast after coordination with the TFG.

2. To prepare forecasts.

3. To coordinate with other Navy organizations, other services, industry, and academic
communities for assistance in preparing forecasts.

4. To update the forecasts after coordination with the TFG.

Section 2. IMPLEMENTATION REQUIREMENTS

SUGGESTION OF CATEGORIES TO BE FORECAST

Since it may not be possible for the initial forecast to cover all areas of Navy science and
technology, it is proposed to limit inputs to the first Navy Technological Forecast effort to
those areas of basic and applied science (Part !) which show great promise and to those areas
of exploratory development which would have greatest potential technological utility. In Part
II, Laboratories and command technical offices submit Probable Systems Options which show

the most promise.

ASSIGNMENT OF FORECAST CATEGORIES

Responsibility for the preparation of individual forecasts will be assigned to the various
Navy-oriented laboratories based in part on proposals of the laboratories concerned. Assign-
ments will be based on areas of expertise. In preparing inputs, however, it is desirable that
all Laboratories contribute to any area in which they have competence whether or not they are
assigned as the principal forecaster. For example, Part I should reflect the anticipated results
of the Fundamental Research Programs and Part II should include not only effort in direct sup-
port of a specific functional Exploratory Development Element, but also, that in support of an-
other functional element which may be appropriately identified with the element in question.

GENERATION OF FORECAST IPUTS

When carrying the major burden of generating inputs to the forecast, the various in-house
laboratories should draw on the expertise of the other segments of the Navy's scientific and
technical organizations, the research and development activities of the Military Services,
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Gover-nient agencies, Industry, and the Academic Community. Inputs to Part III of the NTF
will be made by th~e laboratories and techntical offices of the systems commands and will result

normally from parametric analyses of system concepts which have been develnped at these
levels. The results of studies made in the Navy Technical Workshops are another import'.nt
source of inputs to Part III.

There are many ways in which a forecast can be compiled. During its study. the Navy
Technological Forecasting Study Group considered five methods. The relative advantages arud
disadvantages of each are shown in Appendix D.

In compiling the forecast, the most desirable attributes of each of these wili be used; how-
ever, the assignment of responsibility for specific forecasts to principal laboratories was con-
sidered the most practicable.

COLLECTION, REVIEW, AND EDITING OF FORECAST INPUTS

It will be the primary responsibility of ONR to collect, review, and edit inputs to Part I of
the forecast. NAVMAT will be responsible fir the same functions in Parts II and III of the
forecast and in the Technology Needs Identification Studies. It is expected that the forecast
data as submitted would be ready for final editing and publication. The two forecast offices
may find it desirable to draw on laboratory and/or contractor assistance for this work.

PUBLICATION OF NAVY TECHNOLOGICAL FORECAST

NAVMAT will be responsible for the publication and distribution of the NTF. Considera-
tion should be given in Parts I and II to publish the appraisal section of each forecast sepa-
rately and with limited distribution, in comparison with the remainder of the Forecast.

The value of the NTF will be minimal unless it is published as early as possible following
its preparation. For this reason, and to faci'itate up-dating, the forecast should be printed in
looseleaf form or as a series of documents. The results of the Technology Needs Identification
Studies would be published as soon as possible following their completion.

SCHEDULING OF FORECAST

The first formal attempts in preparing the forecast undoubtedly will not encompass all
areas of naval science and technology. The schedule of when the various areas will be forecast
will be determined by the TFCi based on the coordination of labolatory proposals. Technology
Needs Identification Studies will be scheduled by NAVMAT as required.

UPDATING OF FORECAST

The preparing activities (laboratories, technical offices) will be responsible for updating
Part ill as new systems concepts emerge. NAVMAT will publish and distribute addenda to the
basic document as appropriate. The individual entries in Parts I and I1 probably should be up-
dated at least evg.ry two or three years.

SPECIAL REPORTS

Among the functions of ONR and NAVMAT in technological forecasting is the preparation
of special forecasts and other reports (e.g., executive summaries) which may be required by
higher management. It w-uld also be the function of ONR and NAVMAT to stimulate new ap-
proaches to forecasting and to promote advanced methodologies and to maintain liaison with
the other military services. Government agencies, and the academic community.



CHAPTER 9

INTERSERVICE FORECASTING

During the term of its duty. the Navy Technological Forecasting Study Group has given
consideration to the implications and possible advantages of interservice forecasting. To this
end, discussions have been held with technical representatives of the Marine Corps, with rep-
resentatives of the Army Research Office and Army Materiel Command who prepare the Army
Long Range Technological Foreea-t, and with repretentatives of the Office of Aerospace Re-
search and the Air Force Systems Command.

Among the advantages of an interservice forecast is the exchange of information generated
among the technical communities and laboratories of the several services. An interservice
iorecast may lead to less duplication of technical effort among the services and a good com-
poste forecast could result in better systems for all services. A credible technological fore-
cast can be convincing evidence of good interservice planning and can provide the visibility
required for program support at top funding-decision levels.

On the other hand, it would be difficult to make an interservice forecast representative of
the total defense RDT&E program; areas of investigation significant to one service are often
not equally significant to others. The logistic problems involved in publication of an inter-
service forecast would be considerable; difficulties are foreseen in editing a copy mutually
acceptable to all greups and in ai-commodating to the longer time interval between the initiation
and publication of the forecast. The proposed NTF includes technical appraisal in termE of
explicit Navy needs and missions not necessarily of interest to the other services.

The representatives of the Army. Air Force, and Navy have agreed in principle that the
categories in the science or reseatch area, which would be based on the current breakdown of
defense research sciences and on the research objectives of the preparing service, would be
common in most instances. Many elements in the Technology or Exploratory Development
area are common to all services and would provide opportunities for liaison.

The Navy Technological Forecasting Study Group has concluded that interservice coopera-
tion in forecasting should receive further consideration as it will prove to be advantageous in
areas of mutual interest. However, the group recommends that an interservice forecast not be
established until the Navy has developed a Technological Forecast which will meet its specific
requirements, but that inputs into the forecasts of all services should be coordinated through
comimion review in areas of mutual concern and interest.
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APPENDIX A

PRfOPOSED NAVAL RESEARCH CATEGORIES (PART 1)

(A proposed composite of Defenise Re6search Sciences and Naval Research Areas)

Physical Svience.S 61245012-10

A. R001 General Physic~s 612450121-11
01i. Instrfumentation
02. Solid State Phyvsics
03. Atomic and Mo'lecular Physics
04. RAdiation and Optics
05. Acousýtics
06. Plasmia and Ionic Physics
07. Theoretical Physics

B. R002 Nuclear Physics 61245012-12
01. Cosmic Radiation
02. Elementary Particles,
03. Nuclear Structures

C. R003 Chemistry 61245012-13
01. Physical Chemibzry
02. Organic Chemistry
03. Inorganic Chemistry
04. Analytical Chemistry
05. Solid State Chemistry

D. R004 Mathematical Sciences 61245012-14
01. Theoretical Mathematics
02. Applied Analyses, Theoretical Mechanics and Mathematical Physics
03. Numerical Analyses
04. Mathematical Statistics and Probability
05. Theories and Techniques of Logistical Analyses and Decision-Making
06. Theories and Techniques of Information Processing
07. Information Processing Systems and Devices
08. Mathematical Topics Relevant to Specific Military Problems
09. B~asic Methodology in Systemns Research
10. Interdisciplinary Research

11. Enginevrizig Sciences 61245012-20

A. 13 05 Electronics 61245012-21
01. Electromagnetic Wave Propaga~rtion and Radiation
02. Physical Properties of Solids. Liquids and Gases
03. Ele'ctromiagnetic Materials and Components
04. Electronic Thcorv
05. Contractor Laboratories

A- 1
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B. R006 Materials 61245012-22
01. Organic Materials
02. Lubricants
03. Inorganic Materials
04. Metals and Alloys
05. Composite and Fibrous Materials
06. High Temperature and Special Materials
07. Surface Phenomena, Corrosion and Prevention
08. Radiation Resistant Materials

C. R007 Mechanics 61245012-23
01. Hydrodynamics
02. Aerodynamics
03. Structural Mechanics

D. R008 Energy Conversion 61245012-24
01. Fuels and Propellants
02. Single-Step Energy Transformation
03. Multi-Step Energy Transformation
04. Energy Utilization

III. Environmental Sciences 61245012-30

A. R009 Oceanography 61245012-31
01. Physical Oceanography
02. Chemical Oceanography
03. Marine Biology
04. Marine Geophysics and Geochemistry

B. R010 Terrestrial Sciences 61245012-32
01. Earth Physics
02. Geography
03. Arctic Research
04. Environmental Factors

C. R011 Atmospheric Sciences 61245012--33
01. Atmospheric Physics

D. R012 Space Science (Added to DRS Elements)
01. High Altitude Physics
02. Astronomy
03. Radio Astronomy

IV. Life Sciences 61245012-40

A. R013 Biological and Medical Sciences 61245012-41
01. Regulatory Mechanisms
02. Immunology ar.d Hematology
03. Biological Response to Environment
04. Microbiology
05. Biochemistry
06. Hydrobiology
07. Biophysics
08. Epidemiology
09. Biological Orientation
10. Ecology
It. Neurology and Ne,•ropsychiatry
12. Surgical Sciences
13. Medical Sciences
14. Radiology, Pathology and Laboratory Sciences
15. Pharmacology
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B. R014 Behavioral and Social Sciences 61245012-42
01. Sensory Mechanisms
02. Neural and Perceptual Processes
03. Motor Mechanisms
04. Psychological Traits
05, Selection Methods and Performance Criteria
06. Learning and Training
07. Individual Effectiveness
08. Group Effectiveness
09. Engineering Psychology

DESCRIPTION OF NAVAL RESEARCH CATEGORIES

(A proposed composite of Defense Research Sciences and Naval Rcsearch Areas)

Physical Sciences 61245012-10

A. R001 General Physics 61245012-11

01. Instrumentation: The study of new methods of measuring physical effects, which
effects, in turn, may lead to new instrumentation capable of being used in missile
guidance, reactors, high altituoc and satellite systc ms.

02. Solid State Phsics: The study on the physical properties of solids and interpre-
tation of these properties in terms of quantum theory, thereby providing stronger
foundations for metallurgy, optics, electronics and other applied sciences

03. Atomic and Molecular Phy.sics: The study of the structure and properties of both
atoms and molecules. A variety of techniques, such as optical spectroscopy, molecu-
lar and wn beam experiments and electron scattering are used to determine the prop-
--rties of atoms and molecules. At the same time the quantum theory of microscopic
i.0,aractions and statistical theories are studied and applied for the purpose of extend-
,?g knowledge of the laws governing the physical behavior of both atoms and molecules.

04. Radiation and Optics: The study of some of the fundamental properties of space
anl r i:_rw_'hic~h iare reqired for a better understanding of such things as solar phe-
noinen;a, 4he mechanisms involved in radiation transfer, the properties of new optical
devicee, and the nature of the atmosphere, both terrestrial and extraterrestrial.

05. Acou_,;itis: The investigation of the properties of material using acoustics tech-
niques, and io" study of acoustical radiation as associated with mechanical, electrical
and hydrc, yrntmic processes and the description of such radiation as a function of
various bvunziýry conditions.

06. Plasma and linic Physics: The study of the properties of matter in the ionic and
plasma states to obtain a comprehensive understanding and technological control of
plasmas and ions in both the microscopic and microscopic domain.;: study of electron
transport between conduction bonds of metals and absorbed gas molecules and ions in
electrode surface electrostatic fields.

07. Theoretical Physics: The study of the fundamental physical laws of nature and
the theoretical application of these laws into areas for which little experimental data
exist. These areas are to include, but are not limited to, astrophysics, physics of
aerospace, general relativity, quantum and statistical mechanics, field theory.

B. R002 Nuclear Physics 61245012-12

01. Cosmic Radiation: The study of the nature, origin, intensity and effects (interac-
tions) of this extraterrestrial radiation.
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02. Elemeintary P.,riicles: The study of the nature, structure, properties, creation.
destruction. anc interaction of these building blocks of nature-

03. Nuclear Structure: the study of the nature of nuclear forces, structure and prop-
erties of various nuclei, and the interaction of radiazion and elementary particles with
various nuclei,

C. R003 Chemistry 61245012-13

01. Physical Chemistry: Molecular structure and itE relationship to the properties
of matter: thermochemistry; electrochemtstry; cheni-cal kinetics, including fast re-
actioas; surface and colloid chemistry; theoretical chemistry with emphasis oi prob-
lems In chemical binding; radiation chemistry; chemistry involving free radicals and
excited species; the Liquid state. chemistry at high temiperature.s; thlcory of reveraible
ionization at electrodes.

02 Organic Chemistry: Reactions of compounds containing large proportions of ele-
ment6 not usually found in organic compounds such as boron and metals: quantitative
chemistry of inductive, resonance and steric effects on rates; mechanism of partici-
pation of solvents; physical properties of organic compounds and use of new physical
methods to determine structures and reaction mechanisms.

03, Inorganic Chemistry: Synthesis structure and properties of inorganic compounds:
mechanism of inorganic reactions; novel bonds between atoms.

04. Analytical Chemsr• Instruniental methods, tracer and hiot atom techniques.
other analytical problems.

05. Solid State Chemistry: The chemistry and structure of solids including the rela-
tionship -of surface -chemical phenomena~ (e.g., catalytic activity) to tile electronic arid

defect structure of solids; electrochemical behavior of solids; solid-solid equilibria
and reactions; the reactions and chemical properties of solids under extreme condi-
tU,.is of temperature and pressure; nonstroichiometric compounds.

D. R004 Mathematical Sciences 61245012-14

01. Theoretical Mathematics: Covering all the areas of pure or abstract mathemat-
ics, where research serves to augment mathematical knowledge without specific ref-
erence to particular current or potential domains of application.

02. App_ýlied Analyses. Theoretical Mechanics and Mathematical Physics: Primarily
concerned with the properties of ordinary and partal differential equations arid asso-
ciated boundary value problemns. particular emphasis being placed on nonlinear theo-

ries as a vitally impcrtzdnt area far from adequately covered by paist research work.

03. Numerical Analyses: Particularly with reference to methods appropriate to
elect roni"c computation.

04. Mathematical Statistics and Probability: Including theories and methods relevant
to tie study and understand•,,g of processes involving chance events and particularly
to the acquisition analysis n...d interpretation of information from observation or ex-
periment in situations characterized by untortainty.

05. Th_.Itcs and Techniques ofLogtica.AnaJyses and Decision-Making: Including
the mathematical theories of programming, games. utility, logistical econometrics.
management science. organization, information flow and processing relevant to naval
logistics; and the derivation arid testing of methods applicable to the planning and con-
trol ol logistical and closely ,elated naval operations by means of scientific techniques.
primarily mathematical, and numerical simulation with the aid of electronic data
processing-
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06. Theories and Teci:uiques of lnformation Processing: Including Information, com-
munication. servo-mechanism and learning theories, computer logic and design, infor-
mation retrieval, machine translation, and analysis directed toward the further mech-
anization of processes naturally performed by the human brain.

07. Information Processing Systems and Devices- The innovation and improvement of
components, devices, and systems for the rapid automatic acquisition, processing
and/or utilization of information, together with physical investigations peculiarly rele-
vant thereto.

08. Mathematical Topics Relcvant toStýfic . .Militatry Problems: Whose selection

for investigation is determined by the need for new mathematically based techniques
applicable in particular situalions of military importance and not necessarily with
regard to recognition of their significance as mathematical research areas: including
investigation of trew and improved methodologies for collection, collation, analysis
and other processing of intelligence information, as well as of the logic, design con-
cepts and component properties fundamental to the eventual development of systems
for automatic processing of intelligence data.

09. Basic Methudoogin ystms Research: Investigations and studies designed to
improve the techniques and methodology for analyzing complex naval systems, par-
ticularly in the area of establishing better means of relating systems requirements
and performance to the capabilities which can be provided by technology; including
investigations of new and improved techniques for system analysis, automatic program
optimization, adaptive systems studies, control system studies, automatic design aids,
network synthesis, automatic data processing, mathematical techniques for operations
research, systems reliability studies, organizational theory and cost-effectiveness
studies.

10. Interdiscipinar.y Research: investigations, involving several scientific and/or
engineering disciplines (physics, aerodynamics, mathematics, human factors, etc.),
and involving unique interactions or combinations of these disciplines, for the purpose
of obtaining new knowledge. concepts. techniques and/or understanding of new phe-
nomena; special emphasis being placed on research showing greatest potential for
early Naval application; identification of gaps in the Naval research program requir-
ing early investigation.

11. Engineering Sciences 61245012.20

A. ROOS Electronics 61245012-21

01. Electromagnetic Wave Propa gation and Radiation: Generation, transmission, ab-
sorption, radiation. scattering, refraction. diffraction. reception, amplification and
presentation. over the range from extremely-low-frequencies to Zhe millimeter-
wavelength portion of the spectrum.

02. Phlysical Prop•rties of Solids. Liquids. and Gases: Relating to electrical charac-
teristics as conductivity, mobility. Hall. Zeeman and Faraday effects, plasma char-
acteristics. magnetohydrodynamic, dispersive. polarization and other electrical prop-
erties, under varying physical and environmental conditions.

03. Electronic Materials and Components: Including ne, tuble methods for microwave
energy generation at high power and wide-bandwidth, new techniques for assuring low-
noise receptors, solid- and vapor-state anmolifiers and generators, as masers, ard
other stable frequency standards, parametric amplifiers, undulators. lumped and ex-
tended parameter oscillators, and growing families of semiconductor and ferrite de-
vices, circuits and techniques, and materials for these applications.

04. Electronic Theorvy Statistical approaches to problems in electromagnetic theory,
antenna theory, circuit theory, communicition theory, servomechanisms, magnetic and
dielectric amplifiers systems design and prototype evolvement.

05. Contractor Laboratories:
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B. R306 Materials 61245012-22

01. Organic Materials: Synthesis and properties of organic compounds; correlation
of properties with composition and structure; methods for converting the synthetics to
useful materials.

02. Lubricants: Synthesis, physical and chemical properties of solid, liquid and a
5-aseous lubricants,

03. Inorganic Materials: Research relating to the structuie, chemical and physical
prooerties of ceramics and inorganic nonmetallic materials.

04. Metal's and Alloys: Research covering all metals and alloys from a general
standpoint including their physical properties In the solid and liquid states; their use
as structural materials, and fabrication and processing techniques. I

05. Composite and Fibrous Materials: Research covering bodies fabricated from two
or more distinctly different materials for instance sandwich structures and laminated
materials; also research directly supporting the development of synthetic and natural
fibrous materials such as wood, cordage, leather, textiles, nylon, dacron, orlon, and
other synthetic filamentary materials. 2

06. High Temperature and Special Materials: Research covering the behavior of
metals, alloys and nonmetallic inorganic solids for use at high temperatures and for
special application such as magnetic devices, cryogenic application, radiation resist-
ance, energy conversion, etc.

07. Surface Phenomena, Corrosion and Prevention: Research concerned with the
chemical, physical and mechanical phenomena whtich occurs at the surface of metals
and alloys and lead to corrosion, pitting, stress-corrosion cracking, biological and
chemical deterioration. etc.

08. Radiation Resistant Materials: Research concerned with the efiects of nuclear
radiation on the properties of materials.

C. R007 Mechanics 61245012-23

01. tjylrgynamics: The investigation of fluid motions and of their interactions with
other media; and studies of 'he dynamic behavior of other media in liquids.

02. Aerodynamics: The investigation of the dynamic properties nt gases and of their
interaction with other media: ,#.nd studies of the dynamic behavior of other media in
gases.

03. Structural Mechanics: Research into the properties of structures and structural
components, and investigation of their static and dynamic response to their environ-
ments.

D. R008 Energy Conversion 61245012-24

01. Fuels and Propellants: Synthesis, characterization, thermochemistry and reac-
tions of chemical compounds with emphasis on structural types leading to energetic'
systems and the thermodynamics and kinetics needed to undtrstand propellant per-
formance. including sensitivity, ignition, combustion, transition to detonation, and
eNualibration in nozzle flow.

IRr-c-rch oil fr.rrltvý.' terrolli•.,gnt-tic mx'ate~rials ,and ct'rett,•s shouild ')e iricludrd under 04 or U5

u.lh[.,- -lcýt fitorý i, tli-re ,pp.trpriote Lindu.r at)05-Ji FIe•tr~rnxc .,*datcrita and Comrtponent-.
"1in gcnt-r.,l, •tudie-., ,i intdw*':du./tl conilionen~ts oi cornlp-ltt- ,)r tib~ruu, mtu•tr~ial ýhich are" dwvlt
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02. Lictp_-; Enerzg TransformtaUon: All the possible p -.esseb of transforming
tnu primary sources of energy, such as chemical, radiant and nuclear to a more de-
sirable form in a single-step are of interest, as for example, fuel cells, thermoelec-
tric generators, solar cells and similar devices.

03. Multi-Step.Energy Transformation: For various reasons, the desired transfor-
mation cannot always be effected satisfactorily in a single step but requires two or
more as in chemically fueled, vapor or turbine mycles, nuclear powered vapor or gas
turbine cycles, rockets, air-breathing thrust producing engines and marine propulsion
systems. In addition to the complete transformation system each of the component
processes such as combustion, compression and expansion must be studied if im-
provements are to hje made.

04. Eqergf Utilization: Timely analytical studies in the various fieLds affecting power
utilization are essential. New eoneetpis and f:ndings of basic research must oe pru-
dently examined and evaluated to pinpoint the earliest possible Naval usage. Optimum
use of an energy source also requires that consideration be given to the goals to be
achieved and the mission to be accomplished. Such critical problems as regulation
and control must be given serious study.

IIL Environmental Sciences 61245012-30

A. R009 Oceanography 61245012-31

01. Phical Oea : Understanding of the oceans and harbors is increased
through studies of circulation; waves and tides; sea ice; bottom topography and sub-
marine geology; physical and chemical properties of sea water; ocean-atmosphere
energy exchange processes; measurement of sea-state and interaction patterns, and
the time rate of change of these conditions; and the distribution of marine vegetation
and ocean fish and arimals.

02. Chemical Oceanography:

03. Marine Biology:

04. Marine Geophysics and Geochemistry:

B. R010 Terrestrial Sciences 61245012-32

01. Earth Physics: Knowledge about the structure, composition, geological history
and the physical properties of the earth and the processes which are responsible for
the characteristics of the earth's surface and its modification is gained through studies
in geodesy, seismology, geochemistry, geology and measurements of gravity and the
electronic and magnetic properties of the earth.

02. Geography: Geographic research concentrates mainly on the coastal areas and
foreign lands. Investigations in the little known or foreign areas include studies of
terrain, geology, soils, micro-climate, and plant, animal and human ecology. Studies
of the geographic environment of coastal regions are designed to provide information
on such elements as terrain, climate, vegetation, surf and near-shore features, and
coastal processes, and to evolve improved, rapid and adaptable techniques for acquir-
ing, evaluating and presenting coastal data. To improve means of acquiring geographic
information, research is conducted on techniques of identification and interpretation
of aerial photographs, and presentations of other sensor devices, such as radar.

03. Arctic Research: A broad program of research in the Arctic including such fields
as oceanography, meteorology, geology, astrophysics, radio propagation, geomagnet-
ism, seismology, gravity, environmcntAi physiology, plant and animal ecology and
geography.



04. Environmental Factors: Emphasis is placed on acquiring knowledge of the inter-
relationships between physical phenomena of Naval interest and the geophysical envi-
ronment in which an operation is conducted. Information is obtained on the mitigating
or enhancing effect of the environment in determining the offensive anl defensive ca-
pability of weapons and weapons systems by studying the effects of various natural
environments on energy co;pling and transfer; as well as the revers.e proeesr of de-
termining the changes produced,

C. R011 Atmospheric Sciences 61245012-33

01. Atmostiher-c and Hgh Attitude Ph.slcs: Studies of atmosphertc physics are con-
cerned mainly with the application of the techniques of dynamic meteorology to the
solution of the problem of atmospheric circulation, including boh small-scale and

large-scale anomalies; increasing our knowledge of cloud physics in order to better
understand the mechanism of precipitation, as well as the origins of weather and cli-
mate so that these meteorological processes 'nay be more accurately predicted. High
altitude research deals with studies of the outer region of the earth's atmosphere not
normally considered part of present-day meteorology. These studies are conducted
primarily with the use of rockets and low-orbiting satellites and include observations
of such conventional parameters as temperature, density, pressure, mean molecular
weight, and gas and ionic composition. In addition, rocket observations include studies
on night airglow, ultraviolet emission, x-ray and Lyman-alpha emissions of solar
flares, and the x-ray emission from corona condensations. Studies of micrometeor-
ites; infrared absorption by high-altitude water-vapor; distribution of ozone concen-
trations and the effect of incoming ultraviolet; are included in both rocket and satellite
observations, where feasible.

0. R012 Space Science (Added to DRS Elements)

01, Astronomy and Astrou~ysics: The study of extraterrestrial objects and phenom-
ena and the correlation of such phenomena with terrestrial events, including celestial
mechanics, particularly in the solar system. astronomy, pLanetology, astro-ballistics,
solar astrophysics, stellar and interstellar structure, stellar atmospheres, mecha-
nism of energy release, and stellar evolution. Considerable emphasis is being placed
on extending the range of wavelengths at which useful observations can be made, as
by the development of radio astronomy, and on improving techniques and increasing
the sensitivity of equipment used.

02. Radio Astronomv Instrumentation Studies: Investigation of refined instrumenta-
tion. including coilectors, radiometers and data-reduction apparatus.

IV. Life Sciences 61245012-40

A. R013 Biological and Medical Sciences 61245012-41

01. Rgulatoory Mechanisms: Studies of the general laws of biological systems capa-
ble of regulating life processes. Investigations are conducted on humans or lower
forms of life bs required.

02. Immunoioily a•ndyenatoLo: Studies of the biological processes related to im-
nmunitv In living systems, including the blood and blood forming tissues. This effort
will include work in the area of tissue and organ transplant not related to military
needs.

03. Blio -licaI Re.,,pionse to En_ vironment: Studies of the physiological responses to
acute or chronic exposure to physical. chemical or biological stressors found in ab-
nornil• Lx i: lrOnniuseits.

0-., MicroiunIola: Studies of basic microbial mechanisms and influence in the en'i-
roznient, miicraiial genetics. and Lost parasite relationships. Includes investigations
ni: nucrobital decay, corrosion, contamination, and dete'rioration of materials.
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05. BiochemistU: Studies of the: properties, reaetions and Interactions of living sys-
terns with emphasis on Ienergy tranaforma'ons, properties of micromolecules, effects
of environnment factors wid ix-culiaj ly -narive metabolic processes.

06~. fiygrc,1tolovgy: Invest igatitons of the relationships between the biological conjnpo-
nents of sea and fresh waters and the other factors of those environments. Particular
emphabib is directed tv identifying and characterizing the inliuenceza of tile biological
components of natural waters onf physical phenomena and materials6.

07. k~ohsc:'1h td ihvsicaf phenomena in bnioloical svstems and tne ap-
plicxtionl o-f p3h-y-siral techniques and concepts to biological -problems.

08. gpidemlln Studies dealing with the relationships of the factors which deter-
mine the frequencies and distributions of infectious processes, diseases, or physio-
logical states in a communiuity.

09. Aiologic~al Orientation: Investigations of the mechanisms employed by " variety
of living organisms to detect. idrntify, and travel towards distant objectives. This in-
cludes the mechanisms utilized bv biological forms to convey and receive information.

10. Ecology: Research endeavoring to ascertain the biological factors of environmen-
tal and geographic situations. Particular emphasis is placed on the elucidation of
fundamental data which is relevant to biological factors of natural environments. This
also includes studies of the biological factors of the elements controlled through arti-
ficial changes in tempeiature, light, and other characteristics of the envirolnment.

11. NuoqyadNeuopsch~ikt~: Re search which deals with ditiorders of the nerv-
ous systemis or diseases of the mind.

12. S rgical Sciences: Research which deals with the art and science of surgery, in-
cluding its specialities. This effort will include dentistry and its subspecialities, and
surgical nursing.

13. Medical Sciences: Research which deals with the art anid science of medicine,
including its specialties. This effort will include inedical nursing and its Subspecial-
ties.

14. Rdop.P-uhGc -id"sLaboratorySciences: Research which deals with the
science of measuring, :,to J -'. and evaluating hiological functions related t,) the
health and performance of living sy-i: -

15. Phiarniaculo, Researc h which deals w-'h the science of preparation, quality,
uses and effects of drugF !~d ri-1 6,,4s

B. R014 Behavioral and Social Sciences 61245012-42

01. Snoyehnni:The functional capacities and operations of sensory sys-
teni. as they receive and convert energies from the environment into neural eniergy.

02. ~ ~ _ Ne1a Ln PrjtuilPruc( ws*s The translation, integration and differentiation
of neural energy a-s the Or,_aniSnm interprets its environment and the 'Influence of plhar-
niacofogicat agent., upon thtese function-, with emphasis upon their enhancement.

03. Motor Ntr hani.nis: The functional capacities and operation of motor systems as
$ they rekceive_ and convert neural energy to respo~nse and adjustment.

04. Psychological Trait,: liesearch aimed at the identification and measurement of
p)SVChological pr(esse- and the better understandinr of individual differences through
tlicorutica I and nwethoologival developine nt
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05. Selection Methods and Performance Criteria: Methods for determining job re-
quirernents, selecting personnel, establishing criteria for performance evaluation,
and establishing performance limits of men in man-machine systems.

06. Learninp wid Training Basic investigations into the process of hum2.i learning
and training methods used in shaping axnd modifying behavior.

07. Individual Effectiveness: Cognitive and motivational factors in irc:ividual-to-
group interactions essential for individual effectiveness under different satuations
Pnd environments.

08. Group Effectiveness: Intra-group and inter-group factors related to the effEc' e-
ness and r morale of groups under normal, as well as stressful conditions.

09. Engineerin Psychoiog : The appl...ation of established psychological and engi-
neering principles to the design of systems (Human Engineering); providing a founda-
tion of data related to man-machine systems.



APPENDIX B

PROPOSED CATEGORIES

OF 1ECHNOLOGICAL CAPANIITIES (PART Ii)

Section 1 - Engineering Technologies

Section 2 - Surveillance

Section 3 - Command and Guidance

Section 4 - Navigation

Section 5 - Power Technology

Section 6 - Weapons Technology

Section 7 - Vehicles/Installations

Section 8 - Countermeasures

Section 9 - Supporting Technologies

Section 10 - Space Technology

Associated Proposed

Technological Area Current EDR ED Element

Section 1 - ENGINEERING TECHNOLOGIES

1.1 Materials Technology
1.1.1 Metallic Materials F02001 2.01
1.2 Inorganic Non-Metallic Materials F02002 2.J2

1.1.3 Organic Materials F02003 2.03
1.1.4 Composite Materials F02004 2.04
1.1.5 Energy Conversion Materials F02005 2.05
1.1.6 Fuels, Propellants and Lubricants 2.06
1.1.7 Structural Mechanics 2.07

1.2 Fluid Dynamics
1.2.1 Aerodynamics 4.01
1.2.2 Hydrodynamics 4.02
1.2.3 Space Dynamics 4.03

1.3 Environment
1.3.1 Meteorological Charting and Mapping F00302 5.01
1.3.2 Geophysical-Geographic Charting and Mapping F00303 5.01
1.3.3 Oceanographic-Hydrographic Charting F00304 5.01
1.3.4 Astronautic-Celestial Charting F00305 5.01
1.3.5 Meteorological Prediction F00306 5.02
1.3.6 Geophysical-Geographic Prediction F00307 5.02
1.3.7 Oceanographic-Hydrographic Prediction F00308 5.02
1.3.8 Astronautic-Celestial Prediction F00309 5.02
1.3.9 Weather Modification and Control F00310 5.03

B-I
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Associated Proposed

Technological Area Current EDR ED Elemnint

1.4 Acoustics
14. i-Sound P,,paeni (5 6.01
1.4.2 Sound Sources F00604 6.02
1.4.3 Sound Reception and Signal Processing F00604 6.03
1.4.4 Noise and Noise Reduction 6.04
1.4.5 Components 6.07

1.5 Electromagnetics
1.5.1 Electromagnetic Propagation 7.01
1.5.2 Transmission F00602 7.02
1.5.3 Reception F00602 7.03
1.5.4 Compatibility and Interference F00609, F01315 7.04
1.5.5 Instrumentation 7.05
1.5.6 Components F02102 "7.07
1.5.7 Time and Frequency Control 7.08
1.5.8 Photography and Infrared 7.09

1.6 Information Processing and Presentation
1.6.1 Data Processing F00709 8.01
1.6.2 Displays 8.02
1.6.3 Pattern Recognition 8.03
1.6.4 Self-Organizing Systems 8.04
1.6.5 Data Storage and Retrieval F00706 8.05
1.6.6 Programming 8.06
1.6.7 Input/Output F00705 8.07

Section 2 - SURVEILLANCE

2.1 Surveillance Techniques and Devices
2.1.1 Radar F00102, F00802, F00902
2.1.2 Sonar F00103, F00113, F10804
2.1.3 Optical F00105
2.1.4 Electro-Optical FO0105
2.1.5 Photographic F00104
2.1.6 Television .00107
2.1.7 Magnetic. Electromagnetic, and Electrical Potential F00106
2.1.8 Electromagnetic Passive Interceptance Direction F00108

Finding
2.1.9 Acoustic Passive Intercept and Direction Finding F00109
2.1.10 IFF and Classification F00110
2.1.11 Techniques to detect, identify and assess hazards F01199

from enemy attack
2.1.12 Techniques for damage and casualty assessment

Section 3 - COMMAND AND GUIDANCE 13.01

3.1 External Communications F00602, F00607
3.1.1 Broadcast Communications
3.1.2 Point to Point Communications
3.1.3 Ship to Shore Communications
3.1.4 Mobile to Mobile Communications
3.1.5 Airborne Cjmmmunications
3.1.6 Submarine Communications

3.2 Internal Communications F00608. F00611
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Associated Proposed
Tecnolog.ical Area Current EDR ED Element

3.3 Taryet Acuisitin and Fire Contro.l
3.3.1 Search, Target Detection, Classification
3.3.2 Target Identification
3.3.3 Integrated Surveillance F00402
3.3.4 Weapon Fire Control F00804, F10804, F00904

Section 4 - NAVIGATION 12.01

4.1 Invrtiai Navigcation F00202
4.2 l)ead Reckoning Nai Ivation F00203
4.3 Celestial Navigation F00204
4.4 Magpet ic Navigation F00205
4.5 Electromagnetic Navigation F00206
4.6 ptic•al and Infrared Navigation F00207
4.7 Beacons F00208
4.8 Doppler Navigation F00210
4.9 Gra vi Nay tion F00211
4.10 Aircraft Navigation F00209, F00213
4.11 Submarine Navi atiou F00214
4.12 Satellite Navi !ation F00215
4.13 Position Location

6ection 5 - POWER TECHNOLOGY

5.1 Primar__nergy Conversion F01306, F01403 3.01
5.1.1 Primary and Secondary Batteries
5.1.2 Nuclear Reactors F01316
5.1.3 Internal Combustio-i Engines
5.1.4 Fuel Cells

5.2 Secondary_ Energy Conversion 3.02

5.2.1I Turbines

5.2.2 Heat Exchangers
5.2.3 Thermoelectric Devices
5.2.4 Thermionic Devices

5.3 Tertiary EnergyConversion F01308 3.03
5.3.1 Electric Generators
5.3.2 Electric Motors

5.4 Energy Transmission and Storage F01304 3.04

5.5 Thrust and Retardit. Di-.ices F01307 3.05

Section 6 - WEAPONS TECHNOLOGY

6 1 Munitions
6.1.1 Explosives 1.01
6.1.2 Warheads F00808, F00908 1.03
6.1.3 Fuzing F00808, F00908 1.02
6.1.4 Pyrotechnics F00817 1.05
6.1.5 Underwater Explosive Devices 1.06
6.1.6 Cartridge Actuated Devices F00811 1.07
6.1.7 Kill Mechanisms 1.08
6.1.8 Blast and Shock F01310 1.04
6.1.9 Nuclear Weapons and Effects F01105 1.09
6.1.10 Biological Weapons and Effects F00880 1.09
6.1.11 Chemical Weapons and Effects F00880 1.09
6.1.12 Adaption Kits 1.10
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Associated Proposed
Technological Area Current EDR ED Element

6.2 Guided Missiles
6.2.1 Guidance F00903 14.01
6.2.2 Launching F00905 14.01
6.2.3 Propulsion F00906 14.01
6.2.4 Structures F0P907 14.01
6.2.5 Homing Devices F00909 14.01
6.2.6 Zallistics F00910 14.01
6.2.7 Safety F00912 14.01
6.2.8 Countermeasures FOOV918 14.01

6.3 Underwater Weapons and Ordnance
6.3.1 Guidance F10803 14.01
6.3.2 Launching F10805 14.01
6.3.3 Ballistics F10809 14.01
6.3.4 Countermeasures Protection F10819 14.01

6.4 Other Weapons and Ordnance
6.4.1 Launching F00805 14.01
6.4.2 Propulsion F00806 14.01

6.4.3 Structures F00807 14.01
6.4.4 Ballistics F00809 14.01
6.4.5 Safety F00811 14.01
6.4.6 Countermeasures Protection F00819 14.01

6.5 Damage Assessment Techniques

Section 7 - VZHICLES/INSTALLATIONS 16.01

7 1 Aircraft
7.I.I Structures (fixed wing, rotary) F01202
7.1.2 Aircraft Propulsion F01203
7.1.3 Aircraft Performance
7.1.4 Controls and Instrumentation F01204
7.1.5 Ground Support F01205
7.1.6 Launching and Recovery F01206
7.1.7 Airborne Equipment F01207
7.1.8 Helicopter Support Equipment F01501

7.2 Surface and Underwater Vehicles
7.2.1 Hull F01302, F01402
7.2.2 Structures F01303, F01304, F01305. F01310, F01311
7,2.3 Performances
7.2.4 Control F01309, F01404
7.2.5 Electrical Equipment F01312
7.2.3 Habitability
7.2.7 Damage Control
7.2.8 Noise Reduction
7.2.9 Amphibious Craft F01406

7.3 §uýort Elements
7.3.1 Fuze and Amimunition Handling and Storage F01505
7.3.2 Crash. Fire Fighting and Decontamination F01507
7.3.3 Harbor Facilities F01510
"7.3.4 Combat Engineering and Overseas Base Readiness FOS111

and Recovery
7.3.5 Armament Handling F00818
7.3.6 Mobile Support Groups



Associated Proposed
Tech_,oloilual Area Current EDR ED Element

Suction 8 - COUNTERMEASURES 15.01

8.1 Min. Delense F01102

8.2 Toxpedo Defense FUt 103

8.3 Inshore Underscas Warfare F01104

8.4 Atomic Defense
S.4.1 Detection. Identificatiun, Warning F01S05
8.4.2 Protection (personnel, equipment)
8.4. s Material Decontamination and Restoration
8.4.4 Personnel Decoatamination, Medical Support

and Recovery

8.5 L. .oiaoj6ica !_andd Chem ical Defense F01108
8.5.1 Detection, Identification, Warning
8.5.2 Protection (personnel, equipment) F01580
8.5.3 Material Decontamination and Restoration
8.5.4 Personnel Decontamination, Medical Support

and Recovery

8.6 Electromane~tic Countermeasures and Counter- F01002 7.06
Cuonterrniasures

8.6.1 IPassive ECM
8.6.2 Active ECM

8.7 Infrared and Visual Countermeasures F01003

8.8 Acoustic Countermeasures and Counter-Countermeasures F01004 6.06

8.9 Underwater Demolition Team Equipment F01006

8.10 Anti-Mechanized Defense F01007

8.11 Explosive Ordnance Disposal F01109

Section 9 - SUPPORTING TECHNOLOGIES

9.1 Logist ics_ : u•_•u r

9.1.1 Packaging F01503 10.01
9.1.2 Stowage and Storage F01504 10.02
9.1.3 Protective Coverings 10.03
9.1.4 Materials Handling F01508 10.04
9.1.5 Facilities Maintenance and Repair F01506 10.05
9.1.6 Quartering and Messing F01513 10.06
9.1.7 Procurement and Distribution F01502 10.07

9.2 Biojloq cal and Behavioral Technolopes
9.2.1 Persomnel Requirements and Billet Analysis F01602 9.01
9.2.2 Personnel Selection. Assessment F01604, F01605, F01606 9.02

and Utilization
9.2.3 Training Requirements, F01702, F01703, F01704, F01799 9.03

Programs and Devices
9.2.4 Administration and Data Management F01603. F01607, F01608 9.04
9.2.5 Environmental Biology F01210 9.05
9,2.6 Medical Technology. Operational and F02203, F02204 9.06

Clinical Medicine
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Associated Proposed
Technological Arxea Current EDR ED Element

9.2 Biolo!Llc.al and Behavioral Telhnoio.•ies-Continued
9.2.7 Life Support and Safety F02202 9.07
9.2.8 Clothing and Protection of Personnel F01580, F01514
9.2.9 Human Performance F02202 9.08
9,2.10 Behavioral, Social and Economic Factors 9.09

Section 10 - SPACE TECHNOLOGY

10.1 Satellite Applications F01902
10.1.1 Sea Surveillance
10.1.2 Navigation
10.1.3 Meteorological Observations
10.1.4 Reconnaissance
10.1 5 Oceanography
10.1.6 Communications

10.2 Astronautics Defense F01903

10.3 Mobile Sea Launch F01904

10.4 Manned Space Flight Aplications F01905

10.5 Probe Apqplications F01906

DESCRIPTION OF EXPLORATORY DEVELOPMENT ELEMENTS

MATERIALS AND STRUCTURES

Covers properties, manufacture, fabrication, and environmental protection of materials.
All types of materials are included, such as metals, alloys. ceramics, plastics, composites,
etc. Fabrication includes welding, joining, shaping, etc. Also, included are fuels, propellants
and their oxydizers. lubricants, hydraulic fluids, and their containment. Also included are the
applications of materials to structures and the theory and development of the means for dy-
namic structural design.

Excluded are: the applications of materials (see specific area): the design of tcsts (see
"Systems Effectiveness"); explosives, pyrotechnics, and incendiary materials (see "Munitions
and Effects"); and the mechanical handling of materials such as pumping (see "Power").

Metallic Materials: Encompasses the investigation and development of the properties,
fabrication and processes, inspection, test and analysis. and environmental protection of
metallic materials and their alloys.

inorganic Non-Metallic Mater:aLs: Encompasses the investigation and development of the
properties, fabrication and processes. inspection, test and analysis. and envirounmental
protection of ceramics. graphitics and silicates, and other inorganic non-metallic mate-
rials in such forms as films, coatings or bodies. This includes such materials as glass,
porcelain, brick. it'ie. eitAitels, ferruiectT'I , L tiractories. and the like.

Organic Materials: £ncompasses the investigation and development of the properties,
fabrication and processes. inspection, test and analysis, and environmental protection of
plastics. elastomers. wood. cordage. leathers, adhesives, sealing compounds, polymers
based on organic metallit s. and other organic materials.
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Composite Materials: Encompasses the investigation and development of the properties,
fabrication and processes, inspection, test and analysis, and environmental protection of
composite materials such as glass, reinforced plastics, laminates and sandwich materials.
Also, in general, studies of individual components of composite materials which are under-
taken for the distinct purposes of improving the composite materials as such are included.

Enera Conversion Matexials: Encompasses the investigation and development of the
properties, fabrication and processes, inspection, test and analysis, and environmental
protection of energy conversion materials such as thermionic, fuel cell. plasmadynamic.
thermoelectric, and related techniques for the direct conversion of thermal or chemical
energy to electrical energy.

Fuels, Proelintsand ubicants: Encompasses the investigation and development of
the properties, fabrication and processes, inspection, test and analysis, and environmental
protection of fuels, propellants, and lubricants such as combustibles, ignitables (except
explosives) and the like.

Structural Mechanics: Encompasses all aspects of the applications of materials to struc-
tures and the theories and development of the means for dynamic structural design. Also
included is the application of available techniques to the physical framework which con-
tains the various parts of a complete vehicle. Included within the framework are such
items as control surfaces, ablation shells, enclosures, etc.

FLUID DYNAMICS

Treats of the dynamic interaction between the vehicle and its media including aerospace.
Included are the motions, forces, thermal, gravity, inertial, and other effects due to the media-
vehicle interaction with air, water, and air/water interface. Included are phenomena away
from the body as well as at the body surface. Also included are the aerodynamic or hydrody-
namic surfaces and their mechanical controls.

Excluded are: the independent physical properties and behavior of aerospace, air/water
interface and water without the presence of vehicular bodies (see "Environment"); and hydrau-
lics, pneumatics, pumps, and propulsive systems (see "Power").

Aerodynamics: Investigations of aerodynamic phenomena such as aeroelasticity, stability
and control, drag, performance, heat transfer, aerophysics, surface-effect phenomena,
etc., on full scale or model size vehicles.

Hydrodynamics: Investigations of hydrodynamic phenomena such as hydroelasticity,
boundary layers, stability and control, drag, performance, surface effect phenomena, etc.,
on full scale or model size vehicles.

Space Dynamics: Investigations of the effects of the physical space environment on space
vehicles, mechanics of satellite orbit, etc.

ENVIRONMENT

Included are the independent physical properties of the spaces and interfaces - subsurface,
surface, and aerospace. It also contains seismic and weather phenomena including efforts at
weather control.

Excluded are: the motions of the fluid media about vehicular bodies (see "Fluid Dynam-
ics"); and the life within the environment (see "Biological and Behavioral Technologies").

Survey:. Provide means for the sensing, measuring, and recording of properties and mech-
anisms within and between the land-hydro--aero-outer spaces.
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Pirediction: Provides methods for the integration, analysis, and utilization of gathered data
for the prediction and confirmation of environmental conditions and their variance In space
and time.

Control: Determines means for the change, influence, or prevention of the ntural state or
variance of environmental phenomena.

ACOUSTICS

Includes the generation, propapgtion, reception, perception, measurement, reproduction
and characteristics of acoustic energy in any media. Environmental effects are included, In-
cluded are active and passive devices with their transducers, signal processing and counter-
countermeastres.

Excluded are: Lhe independent properties of the media (see "Envirounent"); associated
computers and displays (see "Information Processing and Presentation"); transmission by
radio (sve "Electromagneticsd), explosives for echo ranging (see "Munitions trnd Effects"), and
ordinary vibrations and fluids c losivseffects (see "Materials and Structures,).

Sound Prpapgation: Encompasses all aspects of the direct transmission of acoustic energy
through a medium. It includes the theories and measurements of radiation, absorption,
scattering, refraction, reflection, and diffraction of the signals in the acoustic portions of
the frequency spectrum.

Sound Sources: Encompasses all aspects of techniques and methods to generate and radi-
ate acoustic waves such as transducers, their design, and the impedance matching to the
medium.

Sound Recepton and Sigal Processing: Encompasses all aspects of the methods and tech-
niques of reception, perception, classification, echoes, reflectivity, and interference of
acoustic waves and their conversion to useful signals.

Noise and Noise Reduction: Encompasses all aspects of noise measurement, analysis, and
source (ambient, self-generated, radiated, etc.), for the purpose of reducting the radiation
and interference.

Components: Encompasses the improvement, efficiency, and environmental conditions of
old, or the introduction of new, elements and devices as tools for the achievement of
acoustic functions.

ELECTROMAGNETICS

Includes the generation, propagation, reception, perception, measurement, reproduction
and characteristics of electromagnetic energy in any media. Environmental effects are in-
cluded. Also included are active and passive devices with their antennae, signal processing
and counter-countermeasures, all devices which depend on the properties of electron shells,
such as transistors, photo detectors, Hali effects, lasers, spin magnetometers, etc. Included
are vidicons, photography and the photographic processes, and the development and application
of video, optical, and infrared sensors. For convenience, thin film assemblages are also con-
tained in this group as are the devices like resistive strain gauges.

Excluded are: the independent properties of the media (see "Environment"); and the dis-
plays and interpretations (see "Information Processing and Presentation").

Electromagnetic Propagation: Encompasses all aspects of the direct transmission of
electromagnetic energy through a medium. It includes the theories and measurements of
radiation, absorption, scattering, reflection and diffraction of the signal in the electro-
magnetic portions of the frequency spectrum.



Transmission: Encompasses all means to genewate and radiate electromagnetic waves and
their conversion from useful electric signals.

R415tpton: Encompasses all aspects of the reception of electromagnetic waves and their
conversion to useful electric signals.

CoMM bilty and Interference: Includes those efforts which measure and study the inter-
actions among components and equipments using the electromagnetic spectrum and aims at
reducing problems of matching and mis-matching contiguous functions.

Insttumentatlon: Encompasses all techniques and methods used to collect factual data on
electromagnetic measurements, equipment, and the calibration of equipment.

Components: Encompasses the improvement, efficiency, and environmental conditions of
old, or the introduction of new, circuitry elements and devices as tools for the achieve-
ment of electronic functions such as antennae, tubes, oscillators, undulators, capacitors,
Inductors, resistors, and the like.

Time and FreKuency Control: Includes the correlation and reference means for uniform
control of wave propagation and the time related functions.

Photoaphy and Infrared: Encompasses all aspects of the use of visual, optical, photo-
graphic, photographic processes, and infrared techniques for the collection of information
and data.

INFORMATION PROCESSING AND PRESENTATION

Includes computer technology and the processing of data for command/control and ior
control/guidance. Included are encoders and means for photographic interpretation, visual and
auditory displays, Involved are items such as meters, indicators and amplifiers.

Excluded are: the signal processing, such as signal to noise enhancement (see "Acoustics"
or "Electromagnetics"); the radio links to transmit data (see "Electromagnetics"); and the
man/machine interface problems (see "Biological and Behavioral Technologies").

Data Processing: Encompasses all operations upon data including such operations as data
acquisition, handling, and evaluation.

Displays: Encompasses all aspects of the presentation of information in a way that it may
be perceived by a human observer.

Pattern Recognition: Deals with the processes of identifying given input data as belonging
to an appropriate class -,r category of input signals.

Self-Organizing Systems; Encompasses all methods and processes used to develop sys-
tems that modify their internal structure as a function of their experience and environment.

Data Storage and Retrieval: Encompasses all the techniques and methods of data storage
and retrieval such as storage capacity, access speed, identification and tagging of infor-
mation, storage organization, and strategy of search.

Programmirg: Encompasses the means and processes of setting down in proper order the
sequence of operations a computer is to follow in solving any given problem.

Input/Output: Encompasses all methods of developing components which permit men and
sensors to communicate with machines lncludii.g non-mechanical methods as direct voice
input.



S)-VEILLANCE

Includes development of requirements for, analyses of, technical approaches to and evalu-
ative equipment for the gathering and generation of required information, Including: detection,
location and classification of targets and reference points; collection of environmental and in-
telligence data; reconnaissance; channel marking, timing, surveying, tracking, charting, etc.

COMMAND AND GUIDANCE

Includes development of requirements for, analyses of, technical approaches to and evalu-

ative equipment for the integration, evaluation, relay and application display of information,
including: communication; fire control; vehicle control; security, homing, data links, command
stations, etc.

POWER

Includes all energy conversion devices for power and their electrical and mechanical parts
such as rockets, gas turbines, pistons, ramnjets, jets, propellers, magnetohydrodynamics, ion
propulsion, etc. Also included are: techniques associated with generators, batteries, distrlbu-
tion and regulation for electrical power as well as hydraulics, pneumatics, pumps, and plumb-
ing. Techniques associated with catapults, arresting gears, missile launchers, and guns are
also included. AlU associated controls are als, included.

Excluded are: sensors (see "Electromagnetics"); instruments (see 'tnformation Process-
ing and Presentation"); and fuels and oxydizers (see "Materials and Structures").

Primary Energy Conversion: Encompasses the Investigation and development of items
such as batteries, combustion equipment, reactors, internal combustion engines, fuel cells,
rockets, and the like.

Secondary Energy Conversion: Encompasses the Investigation and development of items
such as turbines, heat exchangers, thermoelectric, boilers, and the like.

Tertiary Energy Conversion: Encompasses the investigation and development of items
such as pumps, blowers, motors, generators, air Induction, accessories, and the like.

Energy Transmission and Straee; Encompasses the Investigation and development of
items such as piping, valves, shafting, gear boxes and drives, clutches, wiring, switches,transformers, fuel tankage, accumulators, regulators, hydraulics, pneumatics and the like.

Thrust and Retarding Devices: Encompasses the investigation and development of items
such as jets, propellers, traction devices, catapults, launchers, tubes, drags, brakes, ar-
restors and the like.

MUNITIONS

T.'e composition, safety, handling, stowage, storage, manufacture and disposal of explo-
slves. Included are effects such as blast, shock, overpressures, and the coupling between war-
head and explosive and the response of targets. Included are: all of the kill mechanisms; war-
heads; fusing; arming; adaption kits for A'B,'C warheads; and direct support of work on A/B/C
agents. Pyrotechnics and explosives for underwater sound sources are also Included. The
above is non-nuclear. The nuclear work under this section is limited to blast, pressure, shock,
and thermal effects on, and the response of, targets.

Excluded are: the radiation, thermal, and blast effects on humans (see "Biological and
Behavioral Technologies").

Explosives: Encompasses all aspects of the characteristics of explosives, effects of con-
stituents, shape confinement, and the like.
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Wariwa-fs: Includes, all a~pvets of the non-nuclear wariteads for all types of targets such
ab penetratintL. in cendiary. frajmentation. and shaped charge warheads.

Fuzirtni: Em onpassy's all aspecls of iuzecs including such items asi proximity, impact. me-
chanic-al and elcctrxcal timie fuz(!s. miine mnechanisms,. safety andi arming, and sterilization.

P!Yrf f- chni- Fnutnpiasse-s all aspects of the c aracteristics of explosives or rapidly
burning material lox othevr than power purposes such) as flares, identificaion signals. and
color bursts.

Uiidvi water Ekx osive De% ices: Encompasses~ all aspects 0f explosives used as under-
water sound sources such as Explo!5ive Echo Ranging devices.

Cart tidgc Actuitcd ufnvices: Enoniopasses all aspects of cartridge devices for auxiliary
power. cockpit election. explosive switches and the like.

Kill Mechanismis: Eomas all types of kill mechanisms, other than warheads, used
to kill or nullify targets.

Blast & Shock: Encompasses all aspects of the blast, overpressure, and shock character-
i .tics and its effects on materials, veaiicles. equipment, or targets.

Nuclear Weapons and Effects: Encompasses all research and development work in direct
Support Of !IUClear we2DOonS.

Biological Weapons and Effects: Encompasses all research and development work in di-

Chemical Weapons and Effects: Encompasses all research and development work in direct
support of chemical agents.

Adaption Kits: Ithis EDP includes all aspiccts of the development of adaption kits for nu-
clear varhe-ads. biological and chemnical agents.

GUIDED MISSILES

Includes development of requirements for. analyses of. technical approaches to and evalu-
ative equipment for thle destruction, incapacitation or dietermenpt of enemy military or support
c apabi I ti:es.

UNDERWATER WEAPONS AND ORDNANCE

Includes development of requ-.rements for, analyses of. technical approaches to and evalu-

ative equipment for the destruction, inc-apacitation or determient of enemy military or support

capabilitiv.ý

OTHER WEAPONS AND ORDNANCE

* Includecs d( velopnient 0f requirements for. analyses of. technical approacries t3 and evalo.
ative equipment for the dlestruction. incapacitation or determient oif eneniy military or support
capahi lit ies-

VEHICLES INSTALLATIONS

Includesi development of requirement, for, analyses of technical approaches to and evalu-
ative equipmient for thle provision. oderat ion, and maintenance of vehicles or facilities for
direc t effect tice application of the oth(-r functiunal elemient s in the Naval environmental, and
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military stainincluding: structures, (afloat. airborne, and ashore), propulsion, utilities,
environmental protection. fire protection, silencing!, mooring. dariagc control, cable laying.
shipbuilding, facilities construction, physical security, material and personnel transport, am-
phibiou:; force equipment and boats and construction battalioai equipnment.

COUNTERMEASUPES

Includes devc loprnent of recjuircýnients for, analyses of. technic al approaches to and evalu-
at-.ve equipmeoit for active and passive Protectioniaais prevention Wl, and! nullification actionl
toward effectiveness of oxpendable enemy weaponts and inlve.inllud1(ing: in me ( sweepingi,
and hunting); torpedo countermeasures; A '13 'C defense, jamming and deaception: protective
barriers, arraiigements and devoces; decontamination. isolation, armor. conce-alnient. detgaus.-
sing, UDT. etc.

Electro!2aýKetic Coiintermcasiires and Counttcr:C-ounltvi'me;isures: Ef(Oiicoiiisse-S applied
research and developmont in elect romagrMe ic jamming and deception. Pi oject s should
provide means to reduce and degrade the efferctiveniess of enerny elec-tromagnetic radiating
devices. Also included are mieans to reduce or eliniinate enemny counterm-easures.

Acoustic C~ountermeasures and Counter-Counitermieasures: Encomipassies applied research

fectiveness of enemy acoustic radiating devices; and to reduce or elimninate oeiney coun-

antermelopren dein coutemisaddceto.. rvdsmen ordc h f

LOGISTiCS SUPPORT

Included are packaging, handling. transportation requirements and storage of materials
and equipments. Included are the development of capabilities for providing facilities such as
advanced bzse, harbor, shore, over-the-beach, and ocean termninals. Also, the developmient of:
personnel protection and clothing; quartering, messing; food service operations; utilities and
services; and maintenance and repair capabilities. Logistic aiial 'ysis studies and tests which
encompass repair parts/allowances and load list formulation alre included.

Excluded are: factors of survival, safety and accident prevention (see "Biological and Be-
havioral Technologies-).

Pacqagn : Includes all work on methods, techniques, equipments, etc.. for im-proving such
things as prtctv packaging. nmarking. and environmiental protection. It also includes,
work on methods to save space, reduct cost. anid tinprove packin-,.

Stowageand Stura ,: Deals witni Z" suity oif the storage and stowage of materials such a's
ammunition and petrioleiim. i~ccludes scidti s of env ironmicit.iJ stowage storage and space
,;av ing,.

Protect ive Coverinjs: Encoimpasses all researcci and development to llimproUVe thet protecC-
tion of per so nnel and equipw4-ems.

latvrials Handling: Encompasses the effort to develop mic-Mcds and te-chniques of miate-
rialF handling including Uhe study A) conveyer awli lift devices. etc.

Facilit ius Conis~r'ct ion and Maintenance: r;!icoinijasseý the conlStructionl;1 in~ aintenance
of taci lit ies. In~ludecl are miater~ial development and technique's for construction anrd ainal-
tenanee, of advanced bases. harbor. ocean terminina Is. shipyard.-. mna~eriai storage. hospi -

tals, utilities, and transpoi'tatior. ashore and fo~r fixedc otcean faciliti.s FIsiludel aire: thel
techniques pertinent to miaterials, energýy coniversiLoll, foeis. lubric ants.ý ,Il ýi- tura I mu-
chanic s, power conversion, energy transm;Ilission and storalce aind thrust and met irdi mi'
devices.
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Quarterin.and Messing: Encomlasses all shore based quartering and messing facilities
including the effects of such items as food handling, environment, comfort, space, cost,
and nutritional value/life.

BIOLOGICAL AND BEHAVIORAL TECHNOLOGIES

Includes efforts in the develoinivnt of advaiwenieiitb and Iiixovenents in Per'uincl bedec-
tion and administration and manpower management including the determination of numbers re-
quirements; skill identification, testing and requirements; personnel career planning and per-
zormance assessment; man-machine performance matching: and factors involved in enlistment.
volunteering, motivation avd morzls. It shall include efforts that will result in criteria for new
and improved traiining programs, techniques and devices,

Included are efforts in the operational and clinical medical specialties for the deveiopment
of new and improved methods of medical, surgical and dental therapy; preventive and occupa-
tional medicine techniques; medical logistic and professional support of operational combatant
and support personnel; and the developinmit of information leading to physical, psychophysto-
logical and neuropsychiatric criteria for selection, training and management of personnel.

Included are efforts to establish the psychophysiological factors and human response to
routine and hazardous stresses leading to conceptual methods of control and display; life sup-
port, escape and survival systems; and for the development of prophylactic and performance
enhancement pharmaceuticals. It shall include efforts to identify physical, behavioral, social
and economic factors of warring populations.

Included are: efforts concerned with the detection, identification. controlling and/or utili-
zation of pertinent biological components of all operating environments.

Excluded are: efforts for the development of personnel protective equipment and clothing
(see "Logistics and Support").

Personnel Requirements and Billet Analyis; Efforts will result in means to determine
personnel requirements by skili identification and billet analysis and will develop means
of optimum matching of human performancE to conceptual systems.

Personnel Selection Assessment and Utilization: Encompasses the development of infor-
mation leading to improved selection criteria; screening techniques; procurement and sep-
aration standards; performance assessment and career planning, and in the determination
of motivation and morale factors. It shall include efforts to define factors of crew-
interaction, teamwork and leadership.

TrainI._EuiremeertsProerams and Devices: Encompasses the definition of conceptual
systems characteristics and associated personnel training requirements. Includes the
study and development of new techniques. methods, devices and aids aimed at improving
and maintaining effectiveness of operational and maintenance personnel.

Administrative and Data Management: Includes study and evaluation of new and advanced
cotncepts and methods of personnel administration and manpower management. Determine
the characteristic of new techniques for the reporting, processing and utilization of per-
sonnel data.

Environmental Biology: Encompasses the studies involved ni the detecting. identifying.
controlling and/or utilizing the peculiar biological components of operating environments.
(Concerns the characteristics, effects, and possible utilization of all living organisms.
plant and animal, with the exception of man, relative to systems operations).

Medical Technolog Opera tional and Clinical Medicine: Includes efforts in operational.
clinical, and preventive medical speciillies. Includes studies for new prophylactic, thera-
peutic and medical logistic nieth'ids and techniques for personnt I protection and treatment.
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Studies will lead to information required for establishing physical, psychuphysiological and
neuropsychiatric criteria for selection. training and management of personnel.

Life Support and Safe•y: Encompasses efforts to understand the psychophysiological fac-
tors and to establish man's response and tolerance to routine, hazardous and emnergency
stresses required for the development of future life support and survival systems in-
cludes the dcvelipment of protective and perfo. mauice enhanceenwt agents. Excluded is
the develop.nent of personnel support and protective equipment and clothing.

Clothing and Protection of Persowiel: Encompasses all research and development ko i] -
prove the clothing and protection of personnel. Includes the study of clothing for onviron-
mental protection, AW/BW/CW protectioi,, fire-fighting protective clothing, etc.

Human Performance: Includes studies of the perception and response capabilities and
limitations of man relative to future systems. Includes criteria development for future
control and display systems and for determining interface functions and optivAl utilization
of man in the man-machine complex. Excluded is the design and development ol contrc,I
and display systems and components.

Behavioral, Social and Economic Factors: Includes studies into the effects of all types of
warfare upon native populations of warring nations. Studies include the social and eco-
nomic impact on the physical and psychologic status of populations during periods of con-
flict, as well as means for the development of special warfare and counterinsurgency toch-
niques and for the postwar management of defeated ji.±ions.



APPENDIX C

SOURCES OF INFORMATION

AIR FORCE

Air Force Heradquirters. Pentagon D a~igto I. C.
Air Force Systerns Command. Headquarters (HQ. AFSC) - Andrews AFB3. Maryland
Research and Technology Division -Boiling Field. Washington, D). C.
Flight Dynamics Laboratorv (FDOL) -Wright- Patt erson AFB, Ohio
Aerospace Syste-ms Division (ASD) -Wright-Patterson AFB, Ohio
Space Systems Division (SSD) - Inglewood. California
E.lect ronic Systems Division (ESD) -Hanscomi Field, Massachusetts
Oflice ot Aerospace Research, Headquarters (HQ, OAR) - Arlington, Va.
Aeronautical Research Laboratory (ARL) -Wright -Patterson AFB, Ohio
Cambridge Research ILaloratoi'v (CAL) - Cambridge, Massachusetts
Air Force Ofltice of Scientific Research (AFOSR) - Arlington. Virginia
Advanced Planning Board - Wester Test Range, Vandenberg AFI3
Air Force Academy - Colorado Spi ings. Colorado

ARMY

Army Headquarters Staff - Pentagon. Washington, D. C.
Army Combat Development Command Headquarters (HQ, CDC) -Fort Belvoir, Va.
Armyv Rese~arch Olfice (ARO) Arlington, Virginia
Army Materiel Command, Headquarters (14Q, AMC) -Baileys Crossroads, Virginia
Engineering, ReseArc-h and Development Laboratory (ERDL) - Fort Belvoir, Virginia
Dug-wav Proving Ground-- (DPG) - Dugway. Utah
Electronicts Research and Developmnent Laboratory - Fort Monmouth, New Jersey
Arm~y Chemical Center - Ed-ewood Arsenal, Maryland
Army Materiel Research Laboratorv - Watertown Arsenal, New York
Biological Laboratory - Fort Detrick. Frederick, Maryland
Army Missile Comnhoid - Red Stone Arsenal. Huntsville, Alabamra
lBallistics Research Laboratory -Aberdeen Proving Grounds, Maryland
Human Engineerinjg Laboratory Aberdeen Proving Grounds, Mary land
Coating and Chemical Laboratorv - Aberdeen Proving Grounds, Maryland

NAVY

Assistant Secretarv of the Navy (Research D Ievelopment) -Pentagon. Washington, D. C.
K ~ Chief of Naval Operations (('NO) -Pentagon. Washington. D. C.

Headquarters, Naval Material Commiand (HQ. NMC) - Washington. D. C.
* Chief ot N..val Developmeit~ (CND) - Washington. 0. C.

Office, of Naval Research (ONR) - Wa~shingrton. D. C.
Center for Naval Analyses (CNA) - Arlington, Virginia
Naval Air Sy-stemis Comnmand (NAVAIIR) - Washington, 0. C.
Naval Ordna'nce Svstems Command (NAVORD) - Washington. D. C.
Naval Ship Systemis Command (NAVSHIP) - Washington. D. C.
Navai Supply Systemsw Command (NAVSUP) - Washingtion. D. C.
B~ureau of Naval Personnel (RU PEltS) - Washinirton. D. C,
Bureau of Medicine and Sorg!ery (I3UMED) - Washington. D. C.
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Naval Research Laboratory (NRL) Washington. D. C.
Navy Marine Engineering Laboratory (MEL) - Annapolis, Maryland
Naval Ordnance Laboratory (NOL) - White Oak, Maryland
Naval Weapons Laboratory (NWL) - Dahlgren. Virginia
David Taylor Miuel Basin (DATMOBAS) - Waslihngton. V. C.
Naval Applied Science Laboratory (NAVAPLSCIENLAB) - Brooklyn,, New Yorx
Navy Electronics Laboratory (NEL) - San Diego, Caliiornia
NavaL Air Engineering Center (NAVAIMENGCENl - Philadelphia. Pcnnsylvania
Naval Medical Research Institute (NAVMEDRSCHINSTITUTE) - Bethesda. Maryland
Navy Mine Defense Laboratory (NAVMINDEFLAB) - Panama City, Florida
Naval Underwater Weapons Research and Engineering Station - Newport. Rhode island
Naval Personnel Research Activity (NAVPELSR•SCHAC.T) - San Diegu, Califoriia
Naval Air Development Center (NAVAIRDEVCEN) - Johnsville, Pent.sylvania
Naval Supply Research and Development Facility (NAVSUPPANDFAC) - Bayonne, N. J.
Naval Civil Engineering Laboratory (CIVENGRLAB) - Port Hueneme, California
Naval Training Device Center (NAVTRADEVCEN) - Oriasido, Florida
Navy Underwater Sound Laboratory (NAVLWTRSOUNDLAB) - New London, Connecticut
Naval Oceanographic Office (NAVOCEANO) - Washington, D. C.

MARINE CORPS

Marine Corps Headquarters (HQ, MC) - Washington, D. C.
Long Range Study Panel - Quantico, Virginia

INDUSTRY

ABT Associates, Inc. - Cambridge, Massachusetts
Air, Inc. - Annapolis, Maryland
Bell Telephone Labs - Murray Hill, New Jersey
Battelle Memorial Institute - Washington, D. C.
Charles Pfizer Co. - Groton, Connecticut
Computer Command & Control Co. - Philadelphia, Pennsylvania
Communications Systems, Inc. - Paramus, New Jersey
Electric Boat Division, General Dynamics - Groton, Connecticut
G.E. Tempo - Santa Barbara, California
Hudson Institute - Harmon on Hudson, New York
E.I. duPont cle Nemours and Company - Wilmington, Delaware
International Business Machines, Corporate Office - Rockville, Maryland
Litton. Inc. - Woodland Hills, California
Lockheed Missiles and Space Corporation - Palo Alto, California
Minneapolis-Honeywell, Military and Space Sciences Department - Washington, 0. C.
Minnesota Mining and MAanufacturing Co. - Washington, D. C.
Mitre Corporation - Hanscom Field, Massachusetts
National Security Industrial Association, National Headquarters - Washington, D. C.
North American Aviation, Corporate Offices - El Segundo, California
Rand Corporation - Santa Monica, California
RCA - Princeton, New Jersey
Research Analysis Corporation - McLean, Virginia
Space Technology Laboratories - Thnmpson-Ramo-Wooldridge - Space Park, California
Spindletop (Spindletop Research) - Lexington. Kentucky
Stanford Research Institute - Menlo Park, California
Xerox (Electro-Optical Systems, Inc.) - Pasadena, California

OTHER GOVERNMENT AGENCIES

Central Intelligence Agency
Atomic Energy Commission - Germantown. Maryland
Department of Commerce - Washington, D. C.
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Headquarters, Federal Aviation Administration - Washington, D. C.
Headquarters, National Aeronautical Space Administration - Washington, D. C.
National Science Foundation - Washington, D. C.
Office of Emergency Planning - Washington, D. C.

FOREIGN

BRITISH EMBASSY

Head of Defence Research and Development Staff
Director, Guided Weapons and Electronics Group
Director, Aircraft Group
Assistant Director, Munitions Group

FRENCH EMBASSY

Military Attache
Assistant Air Attache
Assistant Naval A t tache
Assistant Military Attache

INTERNATIONAL

Organization for Economic Cooperation and Development
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METHODS OF GENERATING FORECAST DATA

Many methods of compiling the forecast are possible. During its tenure, the Navy Tech-
nological Forecasting Study Group considered live different methods along with a combination
of the methods. Following is a description of the methods considered. The advantages and dis-
advantages of eac, are shown in Table D-1.

a. Technical Panels, a series of panels in the various scientific disciplines, technologies
and functional areas, in which the experts in these categories would meet regularly to prepare
the initial Naval forecast and to update it. The designated panel chairman would be responsible
for selecting the panel membership and for preparing the final forecast entry in accordance
with the forecasting schedule.

b. Principal Laboratories, in which assignment of specific disciplines, technologies and
functions would be made to the laboratory having the greatest expertise in the specific area.
The laboratory would be responsible for preparing the final forecast entry in accordance with
the forecasting schedule and for this purpose would draw on the experience of the other Naval
laboratories engaged in the area as well as that of all segments of the technical community.

c. Individual Laboratories. in which each laboratory would submit, as part of an updated
laboratory long-range plan, a forecast in each discipline and technology covered by its mission.
The principal forecast offices (ONR and NAVIvIAT) would be responsible for integrating the in-
dividual inputs into the Naval Technological Forecast.

d. Technical Workshops, small studies organized to bring together the knowledgeable per-
sonnel in the fields of science and technology under review. In small groups, they would re-
semble technical panels., in larger groups they would be comparable to the Naval Technical
Workshops and the Technology Needs Identification Studies. Directed to finding a solution or
series of solutions to problems of concern to the Navy, they could include panels on threat,
policy and military considerations, capabilities, and technologies. Having projected the state-
of-the-art in advance, the panels would interact at the workshop to find the solution or solutions
to the problem under study. The principal forecast office would be responsible for the work-
shop. Panel members would be drawn not only from the laboratories and technical offices of
ONR. NAVMAT and the Systems Commands, but from the entire technical community.

e. 1Hgher Manalement Direction, very similar to the Principal Laboratory method, but
making a higher management level responsible for the forecast. The scientific branches of
ONR. the technical offices of NAVMAT and of the Systems Commands, who are charged with
the direction of the Naval RDT&E effort in a given technical area, would be responsible for
generating the forecast in that area. Whereas it is expected that most of the data would be
drawn from the Naval laboratories, the larger technical community could contribute signifi-
cantly to the forecast.

f. A Combination of Two or More ot These Methods, may be desirable to combine two or
more of these methods. The advantages and disadvantages of the several methods are outlined
in Appendix D.

D-I
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Table D-1
Methods of Generating Forecast Data

Method Advantages Disadvantages

Technical Pa4nels Requlres smaller headquarters b Requires time of many people.
staff.

Individuals are responsible for Success in large part is dpcn-d-
forecast. elii on head of pa nýel.

Lends itself to interservice fore- May have high bias.
casting.

Aids in distributing forecasting Communication problems.
I oad.

Easier to bring in outsiders. Possible loss of organizational
support.

Technical people prepare fore-
cast.

Principal Laboratories Requires smaller headquarters May place heavy load on some
staff, laboratories.

Gives broader base for responsi- Minor role for smaller labora-
bility. tories.

Reduced need iur technical May be prepared by laboratory
panels. 1 staff personnel.

Laboratory is responsible, in-
suring organizational support.

Individual Laboratories No need for specific assign- Larger headquarters staff may be.ments. required.

Each laboratory is responsible. Loss of personal contact.
Possible lower cost to labora- Possible duplication.
tories.

Technical Workshops Good for systems. Considerable time required.
Good for identifying techno- Dependent on availability of
logical needs. individuals.

Threat and capability inputs
possible.

Higher Management Easy to include outsiders. Industry emphasis.
DirectionDietinBroad base responsibility. Bias may appear.

Political acceptability.

A Combination of Two Possible complications in re-
or More of These sponsibilities.
Methods _
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BIBLIOGRAPHY

Several reports pertaining to forecasting and long-range planning came to the attention of
the Forecasting Group. Reievant reports which may be of interest to the reader are listed be-
low. The listing must not be considered to be exhaustive. When available, either the author's
abstract or the Group's appraisal of the report is included. Finally, the security classification
of the report is indicated.

1. "Technological Forecasting." second edition. R. C. Lenz, Jr.. Aeronautical Systems Divi-
sion. AFSC, Wright-Patterson AFB. Ohio, ASD-TDR-62-414, June 1962. (Unclassified)

Puesents several methods of forecasting rates of technological advance. The methods
include forecasting by extrapolation of existing rates; by analogies to biological
growth processes; by precursive events; by derivation from primary trends; by inter-
pretation of trend characteristics; and by dynamic simulation of the process of tech-
nological improvement. The investigation included a search of the literature for ref-
erences to principles of technological progress and for methods which have been used
for predictive purposes.

2. "Guidebook - Technological Forecasting," Research Planning Division. Army Research
Office, Arlington, Va., July 1962. (Unclassified)

Presents techniques and modes of expression to aid those responsible for preparing
technological forecasts in the Army.

3. "Technological Forecasting in Perspective," unpublished paper by R. S. Isenson. (Un-
classified)

Discusses primarily forecasting methodology. There is a reference list at the end of
the paper.

4. "Technological Forecasting: A Planning Tool," paper presented at Multi-National Corpo-
rate Planning Seminar, Fontainebleau-Avon, France, by R. S. Isenson, September 1964.
(Unclassified)

Discusses the rationale of technological forecasting, its usefulness, and methodologies.
Gives general discussion of technological forecasting.

5. "Navy Long Range Strategic Study (NLRSS)-73." prepared by Strategic Plans Division
(Op-60), Chief of Naval Operations, 9 May 1965. (SECRET)

6. "Navy Mid-Range Objectives Through 1975 Under Limited Funding Assumptions (MRO-75),"
prepared by Long Range Objectives Group (Op- 9 3 ), Chief of Naval Operations, I June 1964.
(SECRET)

7. 'Bureau of Naval Weapons Research and Development Planning Guide," Plans Division
RDT&E. BuWeps. I July 1963. (SECRET,

8. "Bureau of Ships Long Range Plan for Research and Development (LRP-62)," Vol. IA
(CONFIDENTIAL), Vol. lB (SECRET). Vol. IC (CONFIDENTIAL); Department of the Navy,
Washington, D. C.. August 1962.
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9. "Rationales for Goals In Part I - Te ndraTrgtoGasfoTehloy in Explor -
atory Development,.- Draft report, Chief of Naval Developmnent (MAT 311). dated 31 August
1965. (SECRET)

Gives rationales used in de'riving the Goals for Tt chnology in Exploratory Develop.

10. 'G"Is for Technology in Exploratory Developinent - T'he Undersea Tart!et, Preliminary

report published by the Chicif of Naval Development (MAT 31 11, dated 31 August 1965.
(SECRET)

Purpose is to assist in formulaling the Exploratery Development Program, of the Navv.
The goals included herein are based on various fornial long term s enaof at-sd
expressed by (ft- Chief of Naval Operations and the Commandant of the M~arine Corps-
This document is intended for in-house use by personnel concerned with planning anid
program ming the Exploratorý Development Program at all levels of the technical
community.

This set of goals is for the Undersea Target and ASW missions.

11. "Goals for Technology in Exploratory Development - The Air Target," Preliminary report
published by the Chief of Naval Development (MAT 311), dated 17 November 1965. (SECRET)

Purpose is to assist in formulating the Exploratory Development Programn of the Navy.
The goals included herein are based on various formal long term statements of need
expressed by the Chief of Naval Operations and the Commandant of the Marine Corps.
This document is Intended for in-house use by personnel concerned with planning aad
programming the Exploratory Development Programn at all levels of the Technical
community.

This set of goals is for the anti-air mission arid the air target.

12. "Advanced Developments and Advanced Development Candidates for Tactical Missiles and
Weapons," PROJECT SMEADO '67, Missile Development Office I.RM), Bureau of Naval
Weapons, RM-67-1A. June 1965. (SECRET)

Main body, Sections 1 through 9. consists of brief summaries of FT 67 planis for Ad-
vanced Developments and Advanced Development Candidates in the Tactical Missiles
and Weapons Area. These summaries are abstracts of forty individual current plan-
ning documents, prepared under PRlOJECT SMEADO. Taken together, the forty Sum-
maries constitute a SMEADO '67 Catalog for Missile Development Office (RMl) opera-
tions. Plans for the Missile Flight Evaluation Systems Area are niot included.

13. "Navy Program F~actors." Office of Chief of Naval Operations. OPNAV 9OP-02, Revised
May 1965. (CONFIDENTIAL RD)

"Navy Program Factors supplements the Navy Programming Manual (OPNAV 90P-1).
It is comprised of Program Factor Description Sheets and Programi Factor Data
Sheets grouped by ine major resource areas of ships anid aircraft. The programi fac-
tors will bie used in the Navy planning and programming analytical procedure (Cost
Model) for estimating the resource implications (material. personnel. dollars) of var-
ious force levels anid varying leeaof support of thiese' forces.

14. "Project SEABED.' Adva-iced Sea -13~scd Deterrence Summer Study 1964. Naval Ordnance
Laboratorv. Silver Spring. Maryland. JIuly 1964. (SECRET RD)

Four-%olumev report giving the rslsof the sunimer studv held in %Ionter~v. Califor-
nia. by the Special Project s Office. The lour volumies arc at. follows:
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Vol. I - Summary

Vol. I - Contemporary Analysis of Sea-Based Deterrence

Vol. III - Weapons Systems foi Sea-Based Deterrence

Vol. IV - Advanced Undersea Technology

15. "Status and Pro'ections of Developments in Rull Structural Materialb for Deep Ocean Ve-
hicles and Fixed Bottom Installations," W. S. Pellini, Naval Research Laboratory, Wash-
ington. D. C., NRL Report 6167, 4 November 1964. (Unclassified)

Projects state-of-the-art in matey-ials for deep ocean operation. Used at PROJECT
SEABED In defining the potentials for deep-ocean vehicles and installations in the
1980's and the R&D nece"ssary to make these potentials a reality.

16. "Review of Re-entry Body, Penetration Aids and Arming and Fuzing Technology for PROJI-
ECT SEABED," R. K. Lobb. Naval Ordnance Laboratory, Silver Spring, Maryland, NOLTR
65-44, 13 March 1965. (SECRET RD)

Contains a review of knowledge and technology applicable to the design of payloads for
futurp (1970-75) ballistic missiles. Discusses offense-defense tactics, trajectory
calculations on ballistic and maneuvering re-entry vehicles, aerodynamics of penetra-
tion aids, and arming and fuzing devices.

17. "Appraisal of the Navy Research and Engineering Program 1964-AN7REP-64," Prepared by
the Technical Analysis and Advisory Group, Office of Deputy Chief of Naval Operatior.s
(Development), 3 volumes, dated September 1964. (SECRET-For internal Navy use only.)

An appraisal of the Navy Research, Development, Test and Evaluation Program. Pro-
vides information to support the decision-making exercised by the various managerial
levels of the Navy Department. Evaluates the quality of the RDT&E program, using
as criteria, the possible contributions toward an improved naval combat capability.
Similarly, the adequacy of the statements of operational needs in furnishing guidance
to the RLD community is also reviewed.

This edition of ANREP consists of three volumes. These allow easy reference to dif-
ferent portions of the document, as well as a side-by-side review of summary state-
ments with more detailed information. Volume I, "Summary," contains a section en-
titled "Highlights" that invites attention to many items of significant information in the
appraisal, and separate sections summarizing major findings and recommendations
pertaining to System Development and Exploratory Development programs. Volume 11,
"Exploratory Development Commentary," contains more detailed information on the
Exploratory Development programs. Volume III, "Systems Development Commentary,"
contains more detailed information on advarced, engineering and operational develop-
ments.

18. "Index of Navy Development Requirements," DCNO(D), Encl (1) to CNO 0201P70, January
1965. (CONFIDENTIAL)

Contains: (a) A list of Planning Objectives, General Operational Requirements, Tnn-
tative Specific Operational Requiremeats, Specific Operational Requirements and Ad-
vanced Development Objectives (Part I) for use in verifying that requirements files
are current; (b) An index of Operational Requirements and Development Characteris-
tics (Part U), which will be ohased out as they are replaced by updated GOR's and
SOR's.

19. "Department of the Navy RDT&E Management Guide," Vols. I and II, NAVEXOS P-2457.
July 1964. (Unclassified)

Published in two volumes-"Voi. I - Organization and Procedures" and "Vol. It -

Appendices." Prepared to aid both newcomers and practicing "journeymen.'
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20. "The United States and the World in the 1985 Era," Syracuse University Research Corpo-
ration (Project 1985). DDC Report AD 613 527 (Annex, AD 613 528), March 1964. (Un-
classified)

Prepared in response t.) request by the Marine Corps to predict what certair aspects
of th- world would be like in 1985. In the language of the Marinc Corps, "'This study
wi:I ex.amine projected nmtional objectives and policies, and international arid doiles-
tic military, economic, a,.` technological factors affecting the United States il the
1985 era."

21. "Science and Technology i,, the 1985 Era," Syracuse University Research Corporation
(Project 1985), DDC Report AD 613 525 (Appendix AD 613 526) May 1964. (Unclassified)

Report and its appendix is in support of the reference above. Covers the tchinological
aspects of the projection. Forecasts technology as related to the Marine Corps of the
next two decades.

22. "Long Range Technological Forecast," 3rd Edition. Prepared by the Office of the Chief of
Research and Development, Department of the Army, 3 Volumes. April 1905 (SECRET RD)

The Army Long Range Technological Forecast (LRTF) is designed to be of value in
both technical and operational planning. It covers a period of 20 years.

The Forecast desc'ibes know.edge, capabilities, and examples of material which sci-
ence and te-hnology can be expected to produce if supported by orderly programs of
research and development and represents one element of a current and comprehensive
plan for lorg-range technical planning.

Published in 3 volumes, entitled, "Scientific Opportunities," "Technological Capabili-
ties," and "Advanced Systems Concepts."

23. "'orecast in Deth - Information Processing Systems for the Field Army," H. T. Darra-
catt, Technical Forecasting and Objectives Branch, Research and Development Directo-
rate, U. S. Army Materiel Command, Washington, D. C. (Unclassified)

Comprehensive study of the peripheral equipments in an automatic information proc-
essing system. Part of its purpose was to provide a tool to aid in the design of such
equipment for tactical data processing systems.

24. "The Army Research Plan,' Industry Edition, Office of the Chief of Research and Develop-
ment, Department of the Army, No. ARP-65, dated I March 1965. (CONFIDENTIAL)

The Army Research Plan (ARP) is an extension of the Army Research and Develop-
ment Long Range Plan. Its purpose is to afford guidance to those commanders and
agencies responsible for the detailed formulation of 'he Army's research programis
by a_,signing relative levels of recognition to scientific and technologic;l areas of in-
tereut to the Army.

25. "Combat Develooment Objectives Guide," Combat Development Command, Department of
the Army, dated 15 August 1964. (SECRET tD-NOFORN)

The purpose of the Combat Development Objectives Guide i:s to provide g-uidance for
the development of future operational concepts, organizations arid materiel. Stales
gererai combat developmen' objectives and consolidates the studies, tield experi-
ments, and approved qualitative materiel requirements which are pointed toward the
attainment of th.;se objectives.

26. "The Army Study System," Director Special Studies, Departnient of the Army. Office of
the Chief of Staff; Washington, D_ C. 3 Volumes, dated 18 May 1964. (Official Use Only)
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Examines current (1964) Army rmajor study activities and evaluates effectiveness of
the studies as inputs to planning, programming, budgeting, and other needs. The three
volumes are: Basic Study (Vol. 1); Study Documentation and Information Retrieval (Vol.
11). and Bibliography of Current Major Army Studios. 1962 to Date (1964) (Vol. TII).

27. "The Army Master Study Program 1965," Army Study Advisory Committee, Chief of Staff,
Department of the Army, dated 31 'cember 1964. (CONFIDENTIAL)

The Army Master Study Prog m, 1965 is designed to provide:

a. A formal, approved list o! !hose major studies being pursued under the sponsorship
of the Army Staff Agencies, liq., Department of the Army. which are considered to be
of prime importance to overall Army planning, force development and programming.

b. A mechanism for the use of the Army Staff to determine gaps or unbalanced em-
phasis within the overall study effort and 'hus enable more effective support by studies
to the orderly development of the well balanced, multipurpose Army of the future.

c. An orientation of the Army's study proces.es towards the - - c.'ncepts. mis-
sions and guidance for the Army of the future which are en.,' _t in the document
"Assessment of the Army, 1964."

d. A useful compendium of major Army study efforts for the information of the Office
of the Secretary of Defense and other interested gtsvernment agencies.

28. "Technology for Tomorrow," 5th Edition 1962-63, Aeronautical Systems Division, AFSC,
Wright-Patterson AFB, Ohio, 62ASOP-300, December 1962. (SECRET)

"Technology for Tomorrow" is a presentation of motivational concepts outlining the
approach to an optimunm plan. It is a guide to the organization and selective applica-
tion of resources and capabilities for an aggressive support of the long range Air
Force technical mission. Thus it represents a step in the planning process. The con-
tents and organization of the document refiect in themselves the fact that a cohesive
detailed plan exists collectively in thie minds of the engineers, scientists, and manage-
ment personnel who have contributed to its formulation.

29. "Operations FORECAST," 14 vols., SCGF-46-7, Forecast Special Project Office, Hdq.,
AFSC, Andrews AFB, Maryland, January 1964. (SECRET)

3t. "Project FORECAST," Organization and Mission Planning Group Report dated 13 April
1963. (Unclassified)

Discusses the organization and pianned operation 'f the 1963 study. Project FORE-
CAST, conducted by the Air Force. Explains dutics of the individuals and panels and
how it was expected the panels would interact.

31. Project Forecast Panel Reports:

a. Navigation and Guidance (AD 354 060)

b. Electronic Countermeasures and Counter Countermea-,ures (AD 354 062)

c. Intelligence and Reconnaissance (AD 554 063)

d. Communications, Vols. I and I (AD 354 058. AD 354 059)

e. Weapons (AD 354 057)

f. Power Generation (AD 354 053)

g. Flight Dynamics (AD 354 051)
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32. "AFSC Technological War Plan." Prepared by Deputy Chief of Staff Plans, AFSC, Wash-
ington, D. C., Basic Plan No. TWP Basic SCL-65-3, dated March 1965. (SECRET)

This report is the AFSC Command Plan for the conduct of R&D activity in support of
their assigned responsibility.

The TWP consists of a basic plan and five supporting annexes. Purpose of each is
briefly stated as follows:

The "Basic Plan" integrates the content of the annexes and provides the transition of
planning effort into programs and budgets.

Annex A, "Environment," discusses the broad setting within which the technological
threat and our military policy goals are evolved.

Annex B, "Threat," describes the expected evolution of aggressor systems and tech-
nology.

Annex C, "Systems," projects and describes concepts and capabilities which may
evolve into the systems of the future AF force structure.

Annex D, "Technology," describes technology for deriving system capabilities and
projects efforts to strengthen the Command's technological base.

Annex E, "Resources," projects mission man-years, technical facilities and RDT&E
funds necessary to develop, test and evaluate both technology and systems.

33. "Technical Oi,;ectives Documents," Research and Technology Division, AFSC, 36 Techni-
cal Area Reports. November 1965. (Unclassified)

These documents are prepared to provide means of communicating with science and
industry, to describe the Air Force's objectives in each of 36 different technical
areas. As is the case in any selective grouping of science and technology, it is diffi-
cult to draw sharp boundaries between areas and thus overlaps occur.

34. "RTD Technological War Plan/Long Range Plan," Research and Technology Division,
AFSC, Washington, D. C. Report No. RTL 64-25 April 1964 and changes. (SECRET)

This Plan describes the future course of action that the Research and Technology Di-
vision will take in managing the Air Force Exploratory and Advanced Development
Programs. It is prepared by the people most familiar with these programs-the
working scientists and engineers in the Air Force Laboratories. It is an attainable
Plan; it describes how RTD will allocate those resources which it may realistically
expect to have available over the next decade.

The Plan is oriented toward achieving the level of technology required to attain the
future Air Force capabilities identified by PROJECT FORECAST. It also recognizes
that a major objective of this Division is the building and maintaining in our Labora-
tortes of a strong in-house technical capability.

Changes will undoubtedly alter various parts of this Plan. Breakthroughs will occur
and unsuccessful efforts will be terminated. On the whole, however, the Plan repre-
sents a coordinated picture of where RTD Is going over the next decade, as we now
see it.

35. "Offlic- of Aerospace Hesearch - Five-lear Plati," Directorate of Plans, Hq., Office of
Aerospace Research, USAF, Washington, dated I July 1965. (Unclassified)

The Office of Aerospace Research Is responslblr, for the Air Force research program,
together with a small number of exploratory development projects. Since the OAR
tasks are generally of a long-term nature, its goals must be forecast against relatively
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uncertain visions of the future. Nevertheless, in the interest of maximum economy
and effectiveness in the use of our national resources, the OAR will proceed along
careful ly plotted courses of action. This year's FIVE Year Plan sets forth organiza-
tional and research obi)J(tives for FY 1968 through FY 1970, describes courses of ac.-
tiun for- their accumlphshmernt. anid presents studied estimtites of the requisite
re sourcesa.

3 6. 'Long Range Scientific and Technical Intelligence Assessms-ent (LRTIA) of the USSR," De-
ferise Intelligence Agenicy, Washington, Report No. ST-CS-17-1-65-INT dated 1 August
19635. (SFCRET-NOFORN)

37. 'Mirage 75, ' Military Requirements Analysis GEneration 1970-75. H-. A. Linstonte. Lock-
heed Aircraft Corporation, Burhanrk. California. Report No. LAC 592371 -dated January

This report is the Lockheed corporate planning study on military reqUirements. Pro-
jects the envirounnwnt to 19-70-75 and forecasts systems anid technology to mneet the
projected enviroinment. A similar study. 'Mlirage 80," is underway.

3 8. U. S. D~efense Posture - Overview 1964-B974 .. Guidance and Control Systems Division,
Litton Systems. Inc.. Publication No. 3373, OPR64-1, dated June, 1964. (Unclassified)

Provides air overview ol the economic, political and military context of the defense
market over the next ten v'ears. Thle major environmental conditions: that will shape
the domestic anid international economic and political climate which will prcvail dur-

igthis timec period are evaluated in light of their impact onl the defense market.

39, "Report. oni a Long-Range Forecasting Study,' T. J. Gordon, 0. Helmer, Report P-2982
Rand Corp.. Santa Monica, California. September 19514. (Unclassified)

Describes anr experimental trend-predicting exercise covering a period exterding as

tar as fifty ye~ars into the future. The experiment used a sequence of questio',naires
to elicit prediction iromi individual experts in s;ix broad areas: scientific break-
througzhs; population growth: automation; space progress; probability and prevention
of war, and future weapllo systems,

40. 'The World oif 1975. ' Stanford Re!,earch Ins;titute (Compoaite of following SRI Reports:
232. 233. 234. 235. 236). No date. (Unclassified)

Compnsife of reports onl forecasts by SRI1 Long Range Planning Service in predicting

the world of 1975. Includes the following subjects:

a. The Inter-national Prospect,

h. Economic- Trend-,.

c. Governmental anid Political Trends.

d. Scienc-e anid Techn~jology, avid

v. Social and Cultural Framework.

41. 'Project lPA'TERN-Planning Assistance through Technical Evaluation of Relevance Num-
bers.'- paper ptresented by A. L Jestice. Military anid Space Sciences Department, Honey -
well. Inc-.. Washington. D. C.. to Operations Research Societv of America, October 7-8-9,
1964. (Uztcla6ssified)

Discusses a method of evaluating and determining how to structure a research and
development program. Thle mecthod is intended to be a-n aid to management in planning.



-S

42. "A Feasibility Study of Techniques for Measuring and Predicting the State-of-the-Art,
F. L, Bagby, et al., Battelle Memorial Institute. Columbus, Ohio. DDC Report (AD 233 350).
July 1959. (Unclassified)

Discusses the results of a feasibility study on techniques for ineasuring and predicting
the state-of-the-art. The method used relied heavily on case histories in system de-
velopment. The study was conducted for the Air Force.

43. "The Role of the Federal Government in Technological Forecasting," D. Schon, et al., In-

teragencv Task Group on Technological Forecasting in Federal Government. January 1966

(Unclassified)

A report to the President's Committee on Manpower and to the National Commission
en Technoilogy, Automation and Economic Progress. Specifically, the investigation

focused on:

a. Action points in government at which technological forecasting might be uselul and

used, if available;

b. Criteria for information at these action points;

c. Current technological forecasting activities and methodologies and their adequacy
to Federal requirements.

44. "PROFILE - Programmed Functional Indices for Laboratory Evaluation," M. J. Cetron.

Advanced Concepts Branch, Headquarters, Naval Material Command, Washington, D. C.
Paper presented at the 16th Military Oper-tions Research Symposium, 12 October 1965.

(Unclassified'

The design objectives of this program are to develop a methodology for project evalu-
ation. At the time of this writing PROFILE is undergoing rigorous tests of its dis-

criminative characteristics. However, the results of the study to date show internal
consistency, and indicate that such a system of evaluation may be of potential value to
laboratory management. PROFILE is designed to help top management objectively

select tasks and appraise the total laboratory R&D program; it will appraise the value

of each laboratory task objective, it will make available a task PROFILE showing

where each taslk is strong, and it will give top management a means of explaining to
various groups the tool which is used in generating and appraising the total labora-

tory's program.

45. "A Systems Development Planning Structure," An interim report ý.y ABT Associates, inc.,
14 Concord Lane, Cambridge, Massachusetts, to Hq.. Air Force Systems Command (SCLS),
Andrews Air Force Base, Washington. D. C.. 18 Novemner 1965. (Unclassified)

I, the development of systems, this computerized technique is intended to provide the

decision-nmaker with an estimate of the implications of his placing special emphasis
on particular policies by describing possible situations related to each policy. It is
designed to assist with the assignment of a consistent set of relative values to any
number of objectives by eliciting "Yes" or "No" responses from the decision-maker
to questions about preferences for various combinations of objectives.

46. "An Approach to Research and Development Effectiveness," paper presented by A. B. Nutt,
Air Force Flight Dynamics Laboratc.-y, Wright-Patterson Air Force Base, Dayton, Ohio,

to 17th NAECON Conference Proceedings. 12 May 1965. (Unclassified)

This paper describes the rationale and use of RDE (Rese'rch and Development Effec-
tLveness); a conMpL;'eriz'-d planning program developed in-house and designed to utilize
analytical techniques in the management of R&D resources in the Air Force Flight
Dynamics Laboratory. RTD. AFSC.
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47. 'The QMWD Planning Process as it Relates to the U. S. Army Materiel Command." Cornell
Aeronautical Laboratory, Inc. Prepared for U. S. Army Materiel Command, Contract No.
DA-49-18- AMC-237(X), 31 August 1965, CAL No. VQ-2044-H-l.

The operational aspects of the QMDO (Qualitative Materiel Development Objectives)
planning process are investigated and defined with respect to generating a DA-Approved
QMDO, producing a QMDO Plan and analysis and sypthesis of management information
at Headquarters, AMC. A mathematical choice model is developed to assist manage-
,sent at AMC Headquarters in the synthesis of information for the purpose of deter-
mining which QMDO related Research and Development Tasks to fund. This model is
adopted fron the analytical method suggested in Cornell Aeronautical Laboratory Re-
port No. VQ-1887-H-1, 19 May 1964, "An Analytical Method to Aid in the Choice of
Long Range Study Tasks," using structural elements and constraints applicable to the
QMDO problem. The mathematical description of the revised choice model and new
programming specifications in the form of flow chart. are included in an appendix.
Also shown in an appendix, are sample numerical outputs of choice configurations for
various QMDO constraints, obtained by making use of hypothetical input data similar
to those used in the previous work. Finally, based on the planning process investiga-
tions and proposed choice model, a draft of a pamphlet which would be useful in im-
plementing the suggested program is developed and included.

48. "The LRTP Planning Process as it Relates to the U. S. Army Materiel Command," Cornell
Aeronautical Laboratory, Inc. Prepared for U. S. Army Materiel Command, Contract No.
DA-49-186 AMC-237(X), 30 October 1965, CAL No. VQ-2044-H-2.

The research and development program structure is investigated to identify factors
relevant to the structure of the AMC Long Range Technical Planning process. The
results of the investigation are used to structure a proposed planning process for
AMC. An analytical choice model is developed to aid Management at Headquarters
AMC in the synthesis of information generated by the planning process for the purpose
of determining which LRTP tasks to recommend for funding. The resulting model is
programmed for operation on an IBM 7090 digital computer.

A detailed description of the mathematical model and computer program is not in-
cluded in this report, but is given in a separate report (Cornell Aeronautical Labora-
tory Report No. VQ-2044-H-3, "LRTP Mathematical Model Brochure").

49. "LRTP Mathematical Model Brochure," Cornell Aeronautical Laboratory, Inc. Prepared
for U. S. Army Materiel Command, Contract No. DA-49-186 AMC-237(X), 30 October 1965,
CAL No. VQ-2044-H-3.

This brochure contains a technical description of the LRTP Choice Model derived in
Cornell Aeronautical Report No. VQ-2044-H-2, "The LRTP Process as it Relates to
the U. S. Army Materiel Command." The brochure is self-contained in that the tech-
nical aspects may be read and understood without referring to the above report.

This brochure includes a mathematical description of the model; a description of the
computer program which includes flow charts, a FORTRAN listing and a debugging
log; several numerical examples of program outputs using hypothetical input data.
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